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ABSTRACT
Impacts of Dust Suppressant Application in the Quality 
of Urban Runoff in Arid Regions
by
Daniela F. Loreto
Dr. Jacimaria Ramos Batista, Examination Committee Chair 
Assistant Professor, Department of Civil and Environmental Engineering 
University of Nevada, Las Vegas
The main objectives of this thesis were to generate preliminary data on the 
potential impacts of major categories of dust suppressants on the quality of urban runoff 
and to evaluate changes in the chemical composition of soils to which suppressants were 
applied. Eleven individual plots were topically treated with petroleum-based products, 
ligninsulfonate, acrylic polymers, magnesium chloride, fiber mulch, and non-petroleum- 
based products and one plot did not receive treatment (control). Rainfall was simulated 
and the runoff emanating from each plot was collected and analyzed for several 
parameters. In addition, the top two inches of soil from each plot were sampled after the 
rainfall events to determine the remaining levels of different suppressant. Analysis of the 
results shows that petroleum-based products presented higher number of contaminants 
with concentrations greater than the control, followed by acrylic polymer and 
ligninsulfonate. Magnesium chloride presented the lowest number of contaminants with 
concentrations greater than the control.
Ill
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CHAPTER 1 
STATEMENT OF THE PROBLEM
1.1. Introduction
In the past few years, the U.S. Environmental Protection Agency (USEPA) has 
established more stringent air quality standards for airborne particulate matter. 
Particulate matter of most concern for human health present an aerodynamic diameter of 
10 |im (PM-10) or less. The USEPA National Ambient Air Quality Standards for 
particulate matter of less than 10 pm establishes an annual average of 50 pg/m^ and a 
maximum daily concentration of 150 pg/m^. These particles can be small enough to 
reach and settle in the lungs causing major health problems such as asthma, shortness of 
breath, lung damage, premature death, and cancer. The release of PM-10 to the air can be 
associated with unpaved roads, vacant lands, construction sites, mining, and parking lots.
In response to the PM-10 regulations, communities have been applying dust 
suppressants to abate dust. Chemical dust suppressants are usually by-products and 
wastes from the industry and can be found as salts, organic petroleum-based products, 
synthetic acrylic polymers, ligninsulphonates, and organic non-petroleum products. The 
mechanisms by which suppressants abate dust vary depending on the type of product 
used. Some dust suppressants form crusts on the soil surface, others act by binding and 
agglomerating particles together, and some act by attracting moisture to the soil particles. 
Dust suppressants are known to be effective in minimizing fugitive dust. However, there
1
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is concern that the solution of this air pollution problem will have unintended 
environmental consequences. Potential environmental consequences include soil 
contamination, toxicity to soil and biota, toxicity to humans during and after application, 
surface and groundwater deterioration, and negative impacts on flora and fauna 
populations.
The application of dust suppressants can potentially affect water quality because 
runoff from areas treated with dust suppressants may carry contaminants that can 
potentially pollute surface and ground water.
The purpose of this research, performed on vacant lands in the Las Vegas Valley, 
was to quantify the potential impacts of major categories of dust suppressants on the 
quality of urban runoff and on the composition of soils to which the suppressants were 
applied.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2 
LITERATURE REVIEW
2.1 Introduction
In recent years, studies on fugitive dust control have significantly increased in the 
United States because of greater emphasis on attainment of National Ambient Air Quality 
Standards. The Clean Air Act regulates the amount of PM-10 (particulate matter less 
than 10 pm in diameter) in the air. The United States Environmental Protection Agency 
(USEPA) has established a health-based national air quality standard for PM-10 with an 
annual average of 50 pg/m^ and a maximum daily concentration of 150 pg/m^ (USEPA, 
2002).
Airborne dust can come from several sources. Cowherd et al. (1989) divide the 
main sources into two categories: process sources (industrial operations that modify the 
chemical or physical characteristics of feed materials) and open dust sources (solid 
particles generated by wind or machinery acting on exposed materials). Open land and 
unpaved roads are two major open dust sources. Fugitive dust can be released into the air 
when wind blows over disturbed and undisturbed land. Breakage of the natural soil crust 
by agriculture, construction, and mining activities loosens soil particles on the surface 
making it easier for the wind to pick them up. Dust particles are composed mainly of 
silicon, aluminum, and iron oxides (Gillies et a l, 1999). Fugitive dust maybe harmful to 
humans if silica or asbestos is present in significant amounts (Singer et a l, 1982).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Concerns for human health exposure include effects on the respiratory system, damage to 
lung tissue, premature death, and cancer.
The release of particulate matter from industrial sources can often be prevented at 
the source. Releases from land-based, or non-point sources, are more difficult to control. 
One technique used to control the release of fugitive dust is the application of dust 
suppressants to the soil surface to stabilize disturbed lands and unpaved roads.
Dust suppressants are commercially available stabilizers that abate dust by 
changing the physical properties of the soil surface. State and federal agencies, mining 
companies, communities, and construction firms use suppressants to abate fugitive dust, 
reduce erosion and maintenance costs, and to meet the PM-10 regulations set by the 
USEPA. Materials used as dust suppressants include water, salts, asphalt emulsion, 
vegetable oils, molasses, synthetic polymers, mulches, and lignin products. These 
materials are generally effective in minimizing dust; however, little is known about the 
effects of those products on the environment and human health (Hanes et a l, 1970, 
Hanes et al., 1976). Impacts will depend upon their composition, application rates, and 
interactions with other environmental components. Potential environmental impacts 
include: surface and groundwater quality deterioration; soil contamination; toxicity to soil 
and water biota; toxicity to humans during and after application; unintentional air 
pollution; accumulation in soils; changes in hydrologie characteristics of the soils; and 
impacts on native flora and fauna populations.
Regulations to control and permit the application of dust suppressants to disturbed 
land and unpaved roads have not been established in the United States to date by the 
USEPA. There is concern that the solution to the PM-10 problem, dust suppression, may
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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in the future become an environmental issue itself. Examples of environmental solutions 
that became environmental liabilities include the addition of MTBE to replace lead in 
gasoline and the spraying of dioxin-containing used oil to control dust in Times Beach, 
Missouri. To assure that the chosen technologies to control fugitive dust do not become a 
future liability, it is important to develop policies and guidelines to control the application 
of dust suppressants.
2.1.1 Dust Suppressant Evaluation Programs
There are currently five programs in the United States (CalCert’s, Michigan’s, 
Pennsylvania’s, Nevada’s, and USEPA’s ETV) and one in Canada (ETV Canada) which 
directly or indirectly aim at guiding the application of suppressants to abate dust. The 
guidelines from California (Cal/EPA, 2001), Canada (ETV Canada, 2002), and the 
USEPA’s ETV (ETV/USEPA, 2001) are modeled as Environmental Technology 
Verification (ETV) Programs. The certification programs are voluntary and available to 
any environmental technology developer/vendor, including those of dust suppressants. 
All three programs were created by partnerships between regulatory environmental 
agencies and either the private sector or non-profit organizations. In Pennsylvania, the 
regulation of dust suppressants application is part of the Dirt and Gravel Roads 
Maintenance Program and it was created by the State of Pennsylvania Conservation 
Commission (DGRMP, 2000). The Michigan Department of Environmental Quality 
(MDEQ, 2000) created specific regulations for the application of oil field brine as a 
suppressant for dust abatement. Clark County has issued detailed interim guidelines for 
the use of dust suppressants in disturbed lands (NDEP, 2001). The guidelines were
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6
drafted by a working group composed of air and water quality professionals from state 
and local agencies, as directed by the Nevada State Legislature.
In all three voluntary certification programs and in the Pennsylvania Dirt and 
Gravel Road regulations, it is the responsibility of the technology vendor/developer to 
provide sufficient performance data and documentation to support the claims of the 
technology under consideration. While the other programs do not specify what data 
should be provided to support the technology claim, the USEPA ETV and the 
Pennsylvania programs spell out specific tests that have to be performed to evaluate the 
environmental impacts of the products under consideration. In the USEPA ETV, ETV 
Canada, and CalCert voluntary programs, the supporting documentation for product 
verification is examined by scientists and engineers drawn from regulatory agencies, 
universities, research laboratories, and the private sector. However, ETV Canada 
maintains a list of approved expert entities (e.g. universities, private consultants) to be 
used to conduct tests to support the verification. An agreement is reached with the 
vendor/developer regarding the expert entity to be used in the technology verification 
process. In the case of Pennsylvania, the data supporting the claim, issued by EPA 
certified labs, are evaluated by the State Conservation Commission for authenticity. All 
three voluntary verification programs as well as Pennsylvania’s issue a report or 
certificate as proof of verification. Only the Canada ETV and the California CalCert 
programs require renewal of the verification after three years.
Michigan’s regulations for brine application as a dust suppressant do not specify 
any test to which the brines should be submitted. Instead, it established acceptable 
application rates and methods, and locations where it can and cannot be applied. It also
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requires detailed record keeping of the locations, amount, and source of brine applied in 
the state. Nevada Interim guidelines are very comprehensive. They specify locations at 
which the application of specific dust suppressants would be discouraged. In addition, 
they contain recommendations on the types of suppressants, dilution and application rates 
to be used in specific areas. In general, the Nevada guidelines discourage the application 
of products, known to potentially contain specific pollutants, near lakes, streams, 
channels, and flood control channels.
Only the USEPA ETV and the Pennsylvania programs call for specific tests to be 
performed to evaluate the composition and impact of dust abatement products. The 
USEPA ETV program asks for acute and chronic toxicity tests (EPA/600/4-90/027F and 
EPA/600/4-91/002), and analyses of biochemical oxygen demand (BOD), chemical 
oxygen demand (COD), volatile organic compounds (VOC), toxicity characteristic 
leaching procedure (TCLP - EPA Method 1311), inorganics/metals (EPA 60I0B), 
semivolatile organics (EPA 8270D), volatile organics (EPA 8260B), pesticides/herbicides 
(EPA 8270D), and PAHs. The Pennsylvania program asks for bulk analysis of products 
using EPA SW-846 tests, leach analysis by EPA Method 1312 (includes metals, volatiles, 
and semi volatil es), 7-day survival and growth test for rainbow trout and ceriodaphinia 
dubia, BOD, and COD.
2.2 Dust Suppressant Types and their Effectiveness
The products most frequently used to control fugitive dust are listed in Table 2.1. 
In I99I, 75-80% of all dust suppressants used were chlorides and salt brine products, 5- 
10% were ligninsulfonates, and 10-15% were petroleum-based products (Travnik, 1991).
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There are many studies on the effectiveness of dust suppressants. However, there is little 
information on the potential environmental impacts of these compounds.
Table 2.1 -  Most commonly used dust suppressants (modified from Bolander, 1999a and 
Foley, 1996).
Suppressant Type Products
Water Fresh and seawater
Salts and brines Calcium chloride, and magnesium chloride
Petroleum-based organics Asphalt emulsion, cutback solvents, dust oils, 
modified asphalt emulsions
Non-petroleum based organics Vegetable oil, molasses, animal fats, ligninsulfonate, 
and tall oil emulsions
Synthetic polymers Polyvinyl acetate, vinyl polymer
Electrochemical products Enzymes, ionic products, sulfonated oils
Clay additives Bentonite, montmorillonite
Mulch and fiber mixtures Paper mulch with gypsum binder, wood fiber mulch 
mixed with brome seed
2.2.1 Water
Surface watering is an immediate, inexpensive short-term solution to control dust 
(Gebhart et al., 1999). Water suppresses dust by agglomerating surface particles. 
However, the effectiveness depends upon temperature and humidity. Water can be 
effective for a period as short as half an hour and as long as twelve hours (Foley et a l, 
1996, Schwendeman, 1981). Several light applications of water to control dust are more 
effective than a single heavy application. Heavy watering may penetrate to the subgrade, 
turn the dust into mud, and potentially result in road failure (Langdon and Williamson, 
1983). Thompson (1990) found that water was 85% effective in controlling dust in coal 
mines. Water effectiveness in controlling dust in roads and dirty beds has been estimated 
to be 40% (Travnik, 1991, Foley et a l, 1996). Water has little residual effect. Once
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applied it evaporates quickly, especially in hot, dry climates (Kestner, 1989a). Cowherd 
et al. (1989) reports that dust suppression efficiency decays from 100% to 0% in a very 
short time. Seawater is more effective than fresh water as a suppressant owing to the 
presence of salts. However, water quality is an important consideration when water is 
being used as a dust suppressant. Systems that use water with high concentration of 
suspended solids require higher maintenance than those that use clean water. The water 
used for dust control should have a pH between 6 and 8, and hardness should not exceed 
120 ppm as calcium carbonate. Water containing algae and microscopic plants should 
also be avoided unless it is treated for those organisms (Thompson, 1990).
2.2.2 Salts and Brines
The most widely used compounds in this category of suppressants are magnesium 
chloride (MgCL), and calcium chloride (CaClz) (Addo and Sanders, 1995). Salts 
suppress dust by attracting moisture from the air, which keeps the surface humid (Foley 
et a l, 1996). Magnesium chloride and calcium chloride have both hygroscopic and 
deliquescent properties. Salts are deliquescent when they can absorb moisture from the 
air and become liquid. This occurs because the vapor pressure of the salts is lower than 
that of water at the same temperature and pressure. Salts are hygroscopic when they can 
absorb moisture and retain it by resisting evaporation (Addo and Sanders, 1995). Sodium 
chloride is not a very useful suppressant in arid regions because it only absorbs water 
when the humidity exceeds 75%.
Calcium chloride is a by-product of the ammonia-soda (Solvay) process and a 
joint product from natural salt brines. It is commercially available as pellets at 94-97% 
purity, flakes at 77-80% purity, and a clear odorless, colorless liquid at 35-38% solids.
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All forms of calcium chloride are soluble in water and alcohol, and the water solutions 
are neutral or slightly alkaline. The ability of calcium chloride to absorb water from the 
air is a function of the relative humidity and ambient temperature. Calcium chloride is 
more effective in places that have high humidity and low temperatures (Foley et al, 
1996). Bolander (1999a) reports that calcium chloride at a temperature of 25°C, for 
example, starts to absorb water at 29% relative humidity, and at 38°C it starts to absorb 
water at 20% relative humidity.
Magnesium chloride is usually by-products from the salt production industry. It 
is created either from seawater evaporation or from industrial by-products prepared from 
magnesium ammonium chloride hexahydrate in the presence of HCl (Merck Index, 
1989). Magnesium chloride is commercially available as an odorless, colorless liquid. It 
promotes binding of smaller particles by absorbing moisture from the air (Satterfield and 
Ono, 1996). It is a more effective salt than calcium chloride because it increases the 
surface tension and has a harder surface when it is dry (Foley et a l, 1996). It has a low 
freezing point (-34°C) and serves as a de-icing agent. Magnesium chloride needs a 
minimum of 32% humidity to absorb water from the air independent of the temperature. 
It remains more hygroscopic at higher temperature than calcium chloride and is therefore 
more suitable to dry climates (Langdon and Williamson, 1983). Table 2.2 summarizes 
the effectiveness of several salts in minimizing fugitive dust. Compared to water, salts 
are more effective in controlling dust if sufficient moisture is available. The 
effectiveness of salts to control dust significantly decreases with time. The dust 
abatement properties of magnesium chloride have been found to last about 12 weeks 
(Monlux, 1993). Another problem with salts is that they migrate readily in the
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environment. DeCastro e t  a l. (1996) modeled the movement of road stabilization 
additives of road surface to determine how long the additives remained effective. They 
found that calcium and magnesium chlorides are easily carried from the soil.
Table 2.2 -  Effectiveness of salts as dust suppressants.
Suppressant Type Effectiveness Reference
Calcium chloride Compared to control, retained 55% 
o f the aggregates.
Sanders and Addo, 1993
Magnesium chloride Compared to control, retained 77% 
o f the aggregates.
Sanders and Addo, 1993
Magnesium chloride sprayed 
during street sweeping
26% MgCl2 solution reduced dust 
from 0.05 lb/yd" (sprayed with 
water) to 0.004 lb/yd".
60% M gCb solution reduced dust 
from 0.024 Ib/yd  ̂(sprayed with 
water) to 0.01 lb/yd".
Satterfield and Ono, 1996
Calcium chloride, magnesium 
chloride, and ligninsulfonate
Application to unpaved roads 
resulted in reduction of fugitive dust 
by 50-70% and increased aggregate 
retention by 42-61%. Under low 
relative humidity and high 
temperatures ligninsulfonate was 
more effective in controlling dust 
than chloride salts.
Sanders e ta l ,  1997
Petro-tac, Coherex, Soil- 
Sement Generic Petroleum 
Resin, and Calcium chloride
Immediately after application, these 
suppressants are 95% effective in 
controlling dust particles < 15, 10, 
and 2.5 pm. Over a 30-day period, 
effectiveness decreased in some 
cases as much as 50% and in others 
as little as 10%.
Muleski and Cowherd, 1987
2.2.3 Organic Non-Petroleum Products
Organic non-petroleum products include ligninsulfonate, tall (pine) oil, vegetable 
oil derivatives, and molasses.
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Ligninsulfonate
Ligninsulfonate is derived from the sulfite pulping process in the paper industry 
where wood is processed using sulfuric acid to break down the wood fiber. Lignin is a 
complex amorphous aromatic polymer that acts as a binder for the cellulose fibers in 
wood. It represents 17-33% dry weight of the wood and is resistant to hydrolysis (Kirk et 
a l,  1980). In the wood pulping process, the wood fiber is the valuable product and the 
pulp liquor, which contains lignin, is wasted. This waste liquor is processed further and 
neutralized prior to being used as a dust palliative. The available concentrate is usually a 
mixture of 50% solids to 50% water (Langdon and Williamson, 1983). Ligninsulfonates 
are light tan to dark brown powders with no pronounced odor. They are also known as 
Spent Sulfite Liquor (SSL) and are non-hygroscopic products, stable in dry form, 
relatively stable in aqueous solution, and practically insoluble in all organic solvents. 
They decompose at temperatures above 200°C (Lewis, 1993). Ligninsulfonates act as a 
weak cement by binding the soil particles together. They penetrate well into the soil and 
can be rebladed when wet.
Ligninsulfonates remain effective during long dry periods with low humidity. 
They also tend to remain plastic, allowing reshaping and traffic compaction when applied 
to soils with high amounts of clay. The effectiveness of ligninsulfonates may be reduced 
or completely destroyed in the presence of heavy rain because of the solubility of these 
products in water (Bolander, 1999a).
Tall (pine) Oil Products
Tall oil is a by-product of the wood pulp industry recovered from pine wood in 
the sulfate Kraft paper process. It contains rosin, oleic and linoleic acids. Tall oil is used
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in flotation agents, greases, paint alkyd resins, linoleum, soaps, fungicides, asphalt 
emulsions, rubber formulations, cutting oils, and sulfonated oils (Merck Index, 1989). 
Tall oil promotes adherence between soil particles, however, its surface binding actions 
can be limited or destroyed if this product is exposed to long-term rainfall. Increasing 
the residual content of tall oil was found to promote an increase in the tensile strength and 
resistance to periodic wetting or wet freezing of these products (Bolander, 1999a). 
Vegetable Oil Derivatives
Vegetable oils are extracts from the seeds, fruit, or nuts of plants and are generally 
a mixture of glycerides (Lewis, 1993). Some examples of vegetable oils are canola oil, 
soybean oil, cottonseed oil, and linseed oil. Vegetable oils abate dust by promoting 
agglomeration of the surface particles.
Molasses
Molasses is the thick liquid left after sucrose has been removed from the mother 
liquor in sugar manufacturing. It contains approximately 20% sucrose, 20% reducing 
sugar, 10% ash, 20% organic nonsugar, and 20% water (Lewis, 1993). This type of dust 
suppressant provides temporary binding to the surface particles (Bolander, 1999a). 
Additional applications are necessary during the year, mainly after heavy rains, because 
molasses will dissolve in water (Addo and Sanders, 1995). Table 2.3 lists major studies 
performed on the effectiveness of non-petroleum based products and polymers to abate 
dust.
2.2.4 Synthetic Polymer Products
The adhesive property of synthetic polymers promotes the binding of soil 
particles. In the laboratory, Bolander (1999b) investigated the effect of adding synthetic
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polymers to dense-graded aggregates. The results show that polymers increased the 
tensile strength of clays on typical roads and trails up to ten times. Synthetic polymer 
emulsions did not change the compacted dry density. The tests showed that synthetic 
polymers applied in wet climates would tend to break down if exposed to moisture or 
freezing for an increased time.
Table 2.3 -  Effectiveness of non-petroleum based and polymer products as dust 
suppressants.
Suppressant Type Effectiveness Reference
Sprinkling o f  40  
rnl/m'/day o f  canola oil on 
sw ine barns
Reduction o f  dust concentration from  
3.8 mg/m^ to 0.6 mg/m^ (84%  
reduction).
Senthilselvan et a i ,  
1997
Lignin used on unpaved 
roads
Compared to the untreated section, 
63% more aggregates were retained.
Sanders and Addo, 
1993
Ligninsulfonate used to 
control dust fungi and 
endotoxins in livestock  
housing facilities
M ass o f  dust, fungi, and endotoxins 
were reduced 6, 4 , and 3 fold  
respectively, w hen ligninsulfonate 
solutions (27-39% ) were applied.
B reu m efa /., 1999
Synthetic polym er and tall 
oil
Increased tensile strength o f  soil. 
Strength dependent upon curing time.
Bolander, 1999b
Polymer Em ulsion (PE) Initial =  94%
After 3 months =  96% 
After 1 1 months =  38%
G illes et a l ,  1997
Petroleum Em ulsion with 
Polymer (PEP)
Initial =  99%
After 3 months =  72% 
After 11 months =  49%
G illes et a l ,  1997
Biocatalyst Stabilizer (BS) Initial = 33% - 5% 
After 11 months = 38%
Gilles era/., 1997
2.2.5 Organic Petroleum Products
Organic petroleum-based materials consist of products derived from petroleum. 
These include used oils, solvents, cutback solvents, asphalt emulsions, dust oils, and tars. 
These products agglomerate fine particles, generally forming a coherent surface that
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holds the soil particles in place. Petroleum-based products are not water-soluble or prone 
to evaporation (Travnik, 1991). They generally resist being washed away, but oil is not 
held tightly by most soils and can be leached away by rain. Langdon and Williamson 
(1983) divided petroleum based products into different categories: cutbacks (e.g. DO-1, 
DO-2, DO-3, and DO-6KF), emulsions (e.g. DO-8, Coherex, and CSS-1), and others (e.g. 
DO-4, DO-6, D0-6P). Table 2.4 lists studies on the effectiveness of petroleum-based 
products.
Table 2.4 -  Effectiveness of petroleum-based products as dust suppressants.
Suppressant Type Effectiveness Reference
Oiling (petroleum-based) 50 to 98% Foley e t a l ,  1996
Water (0.44 gal/yd"), petroleum 
resin (0.84 gal/yd^), and 
emulsified asphalt (0.71 
gal/yd").
Suppressants were capable o f  reducing 
particulate emissions more than 50% for at 
least a month. Reapplication o f the 
suppressants was found to increase the 
lifetime for all suppressants. The lifetime 
of suppression tended to decrease with 
decreasing particle size.
Muleski et al., 
1983
Emulsion o f hydrocarbon-based 
textile oil applied to bulk-stored 
wheat, com, and soybeans
50% reduction (0.04%emulsion)
92% reduction (0.07% emulsion)
Similar results were found when mineral 
and rapeseed oils were applied.
Jayas e ta l ,  1992
Emulsified petroleum resin, 
petroleum residue,
In general, an increase in water content 
during suppressant application will 
improve the cohesive strength o f the 
aggregates after drying.
Lane et al., 1983
Non-hazardous cmde oil 
(NHCO)
Very effective in suppressing dust for a 
long period; afterll months= 92%effective
Gilles era/., 1997
2.2.6 Electro-Chemical Products
These suppressants are usually derived from sulfonated petroleum and highly 
ionic products. This group of products includes sulfonated oils, enzymes, and
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ammonium chloride. The electro-chemical stabilizers work by expelling adsorbed water 
from the soil which decreases air voids and increases compaction (Foley et al., 1996). A 
disadvantage of these products is their dependence upon the clay mineralogy and 
therefore they are only effective when specific minerals are present.
2.2.7 Clay Additives
Clay additives are composed of silica oxide tetrahedra (Si04) and alumina 
hydroxide octahedra (Al(OH)ô) (Scholen, 1995). This type of dust suppressant 
agglomerates fine dust particles and increases the strength of the material under dry 
conditions.
Clay additives provide some tensile strength in warm dry climates. However, 
increasing the moisture content promotes loss of their tensile strength (Bolander, 1999b).
2.2.8 Others
In addition to the categories listed in Table 2.1, several other suppressants and 
technologies have been used to abate dust. Foley et al. (1996) reported that dust 
emissions on unpaved roads could be reduced significantly even with small reductions in 
vehicle speed. Over 40% of the dust was reduced when vehicle speed was decreased 
from 47 to 31 miles per hour and over 50% was reduced by decreasing vehicle speed 
from 40 to 19 miles per hour. Sealing or paving roads has been shown to reduce dust by 
95-100%. Table 2.5 reports various treatments that have been successfully applied to 
unpaved roads to reduce dust.
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Table 2.5 -  Effectiveness of various treatments used to suppress dust.
Suppressant Type Effectiveness Reference
Sealing or bound paving 95-100% Foley era/., 1996
Chemical dust suppression High initial efficiency, but it decays 
to zero after several months.
Cowherd et al., 1989
Clay additive, chlorides, 
enzymes, and sulfonate
Increased tensile strength for 
moisture contents less than 5%.
Bolander, 1999b
Storage piles 95% Thompson, 1990
Chemical dust suppression 40-98% Foley era/., 1996
Reduction o f vehicle speed: 
from 47 mile/h to 31 mile/h 
from 40 mile/h to 19 mile/h
40-75%
50-85%
Foley era/., 1996
2.3 Application Rates
2.3.1 Salts and Brines
Table 2.6 shows typical application rates for salts and brines used as dust 
suppressants. Typically, calcium chloride application rates are 0.9-2.0 Ib/yd^ (salt in the 
flake form) and 0.2-0.35 gal/yd^ (for 35% solution of salt in water). Magnesium chloride 
application rates range from 0.3 to 0.5 gal/yd^ (30% solution in water). Typical 
application frequency for salts is two times per season.
2.3.2 Organic Non-Petroleum Products
Application rates and frequencies for organic non-petroleum products are shown 
in Table 2.7. Most of the organic non-petroleum products are applied two times per 
season and their application rates range from 0.1 to 1.5 gal/yd^. However, tall oil’s 
application rate is larger, 5.1 gal/yd^ (50% concentrate diluted 1:4 with water).
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Table 2.6 -  Application rates and frequencies for salt and brine dust suppressants.
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Suppressant Application Rate Application Frequency Reference
Calcium chloride flakes 1.5 Ib/yd^ Heffner, 1997
35% CaClz in water solution 0.3 gal/yd^ 1 - 2  application/season Hoover, 1981
Calcium chloride 0.5 gal/yd" DeCastro et a l ,  1996
Calcium chloride Initial application:
Flake: at G.9-2.0 lb/yd'
Liquid: 35-38%  residual at 0.2-0.35 gal/yd^ 
Follow-up: 1/2 to 1/3 o f  the initial dosage
1 - 2  applications/season Bolander, 1999a
Calcium chloride 0.22-0 .44 gal/yd^ depending on traffic frequency. 1 - 2  applications/year RTAC, 1987
Calcium chloride Initial Application:
Flake: 1 .0-1 .5  Ib/yd^
Pellet: 0 .8 -1 .3  Ib/yd^
35% solution: 0 .2 -0 .3  gal/yd^ 
Follow-up: 1/2 to 2/3 in initial dosage
2  applications/year Addo and Sanders, 1995
Calcium chloride Roads -  600 Ib/lane-mile. Follow ed by subsequent 
applications after three to six weeks.
Heavy traffic roads: Three 
applications within 2  weeks
Singer e /a / . ,  1982
Calcium  or magnesium  
chloride
1.5 lb. Solids/yd. Blading, watering, scarifying, and 
compacting may be required.
E ffective I year. T w o  
applications/dry season
Schwendem an, 1981
M agnesium  chloride (brine) 0.5 gal/yd^ Heffner, 1997
M agnesium  chloride 0.5 gal/yd^ DeCastro e t a l., 1996
M agnesium  chloride Initial application: undiluted-0.5 gal/yd^ 
Follow-up: 1/2 o f  the initial dosage
1 - 2  treatments/season Bolander, 1999a
M agnesium  chloride 0 .3 3 -0 .4 4  gal/yd^ depending on traffic frequency 1 - 2  applications/year RTAC, 1987
M agnesium  chloride Initial Application: 30% solution-0.5 gal/yd^ 
Follow-up: 1/2 initial dosage
2  applications/year Addo and Sanders, 1995
00
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Table 2.7 -  Application rates and frequencies of organic non-petroleum dust
Suppressant Application Rate Application Frequency Reference
ESl-Duster 0 .2  gal/yd'^ Langdon and 
Williamson, 1983
Ligninsulfonate 1.5 gal/yd" 1 -2  applications/season Hoover, 1981
Ligninsulfonate 0.5 gal/yd^ Bolander, 1999a
Organic non­
petroleum (Lignin 
derivatives)
Typical application -  50% 
residual concentrate applied 
undiluted at 0.5 gal/yd^ 
Powered form: 2.2 lb. To 
2 2 2  gallons o f water.
1 -2  applications/season Bolander, 1999a
Organic non­
petroleum (Tall oil 
derivatives)
Typical application is 40- 
50% residual concentrate 
applied diluted 1:4 w/water 
at 5.1 gal/yd^
1 every few years Bolander, 1999a
Organic non­
petroleum 
(Vegetable oils)
Typically 0.25-0.5 gal/yd^ 1 application/season Bolander, 1999a
Ligninsulfonates 0.2-0.35 gal/yd^ depending 
on traffic frequency
1 -2  applications/year RTAC, 1987
Ligninsulfonate 0.2 -  0.5 gal/yd" Langdon and 
Williamson, 1983
Lignin derivatives 10 to 25% solution: 0 .5-1 .0  
gal/yd^
Powder: 1 .0-2 .0  Ib/yd^
1 -2  applications/year Addo and 
Sanders, 1995
Ligninsulfonate 2.5 lb. solids/yd. Road 
surface mixing, blading, 
watering, scarifying, and 
compacting are required.
Effective for about 10 
months. Two 
applications per dry 
season
Schwendeman,
1981
2.3.3 Organic Petroleum Products
The application rates and frequency of organic petroleum products are shown in 
Table 2.8. For surface treatments, rates between 0.2-1.5 gal/yd^ are generally used. 
Organic petroleum products are typically applied 1-2 times per season.
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Table 2.8 -  Application rates and frequencies of organic petroleum-based dust
SU)jpressants.
Suppressant Application rate A pplication
Frequency
Reference
Arcadias (DO-1, 
2, 3), D O -4, DO- 
6 PA, D O -8 , CSS- 
1 (em ulsion)
0.2-0.5 gal/yd" Langdon and 
W illiamson, 1983
Coherex 1-1.5 gal/yd" Langdon and 
W illiamson, 1983
Coherex 0.5-1.5 gal/yd^ -------- Hoover, 1981
Oils 0.25 gal/yd^ 1 application/year Hoover, 1981
CSS-1 A  9; 1 water dilution o f em ulsion, 
sprayed at the rate o f 0 .1-0 .15  
gal/yd" and then bladed. After 
blading, a 3:1 water dilution o f  
the em ulsion should be applied 
at the same rate.
Hoover, 1981
Organic
Petroleum
Products
Initial Application: 0 .11-1 .0  
gal/yd^ depending on road 
surface condition.
Follow-up: Reduced application 
from the initial.
1 -2
treatments/season
Bolander, 1999a
Organic Binders 
application rate
Liquid: 0.5 gal/yd"
Dry powder: 1-2 lb/yd"
Hoover, 1981
Petroleum
products
0.13-0.44 gal/yd^ depending on 
traffic frequency.
1-2
applications/year
RTAC, 1987
Petroleum-based
products
0.3 gal/yd. Road surface m ixing. 
Blading, watering, and 
scarifying may be required.
Effective for 14 
months. O ne 
application per dry 
season.
Schwendeman,
1981
2.3.4 Synthetic Polymers, Clay Additives, and Others
Table 2.9 presents application rates used for synthetic polymers, clay additives, 
and other dust suppressants. Application rates for synthetic polymers vary significantly 
and are dependent upon the type of polymer used. However, polymers require a lower 
application frequency than that of petroleum-based, salts, and non-petroleum based
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products. Clay additives are applied at 1-3% by dry weight of the soil to which they are 
mixed. The suppressing effect of clays is long lasting and they are generally applied at 
extremely low frequencies (once every five years). Water application rate and frequency 
will depend mainly upon temperature and humidity. In general, water has to be applied 
frequently.
Table 2.9 -  Application rates and frequencies of dust suppressants.
Suppressant Application Rate Application
Frequency
Reference
Polybind Acrylic (co­
polymer resin 
emulsion)
40 gal/acre o f a 1:20 water 
dilution.
Hoover, 1981
Synthetic polymer 
derivatives
Typical application: 40-50%  
residual concentrate applied 
diluted 1:9 w/water at a rate of 
0.50 gal/yd".
Once every few  years Bolander,
1999a
Clay additives Typical application rate is 1-3% 
by dry weight.
Once every 5 years Bolander,
1999a
Water 0.5-4% water applied to 
conveyor belt systems.
A s often as needed Goldbeck,
1997
Bituminous and tars 
or resinous adhesives
0 .1- 1 .0  gal/yd" depending on 
road surface condition and 
dilution.
1 -2  applications/year Addo and 
Sanders, 1995
2.4 Environmental Impacts
2.4.1 Salts and Brines
The environmental impacts of salts and brines are summarized in Table 2.10. 
Disadvantages of calcium chloride include corrosion of vehicles and concrete and 
creation of slippery surfaces when wet.
Calcium chloride is highly soluble and it is capable of moving with water through 
soil as a leachate contaminating groundwater. Calcium chloride can also move as runoff
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and the dissociated calcium and chloride ions can drain into lakes, rivers, streams, and 
ponds. High concentrations of calcium chloride cause high soil salinity and may be toxic 
to plants. However, no conclusive studies have been performed to evaluate the effects of 
calcium chloride on plants. Salt concentrations greater than 400 ppm have been found to 
be toxic to trout. Concentrations greater than 1,830 mg/L killed Daphnia and crustacean 
fish.
2.4.2 Organic Non-Petroleum Products
The toxicity of ligninsulfonates to rainbow trout has been investigated (Roald, 
1977b). The 48-hour LC50 (concentration of ligninsulfonates which would be lethal to 50 
percent of the tested population within 48 hours) value for ligninsulfonates was found to 
be 7,300 mg/L. A mortality of 50% was achieved for rainbow trout exposed to 2,500 
mg/L ligninsulfonate for 275 hours. For concentrations equal to or higher than 2,500 
mg/L rainbow trout showed loss of reaction to unexpected movements, rapid and 
irregular breathing, and finally loss of coordination before death. It has been found that 
calcium and sodium ligninsulfonate negatively affect the colon of guinea-pigs causing 
weight gain and producing ulceration in those animals (Roald, 1977b). Reduced 
biological activity has been observed in water due to excessive discoloration caused by 
the introduction of ligninsulfonates. Ligninsulfonate compounds were reported not to 
prevent seed germination in the areas where it was applied. It has been suggested that 
ligninsulfonate is the most environmentally compatible dust suppressant (Schwendeman, 
1981). Table 2.11 summarizes the environmental and human health impacts of non­
petroleum based dust suppressants.
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Table 2.10 -  Environmental and human health impacts of salt and brine dust suppressants.
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Suppressant Environm ental and Human Health Impacts References
Saline water RTAC, 1987
Salts (CaClz, NaCl) •  Streams exhibited elevated chloride concentrations (about 31 times higher 
than upstream samples) at sampling stations located 50 and 100m  
downstream from the highway where salt was applied. Elevated chloride 
concentration continued after the end o f  winter salt application.
Demers and Sage, 1990
Salts (CaClz, MgCU) •  CaCb and MgClz are highly soluble and m ove through the soil w/water. 
M ovement depends upon application rate and rainfall frequency. During 
wet periods, the salts m ove deeper into soils; during periods o f  evaporation 
they m ove toward the surface. Lateral movement o f CaCL and M gCl , 
occur, but at a smaller rate.
•  In areas o f  shallow  groundwater (<25 ft) chloride could move through the 
soil and reach the groundwater.
Heffner, 1997
Salts (CaClz, MgClz, and NaCl) •  A ffect plant growth by increasing osm otic pressure o f  the soil solution, 
altering plant’s nutrition, and accumulating specific ions to toxic 
concentrations in plants.
•  920 mg/L-Immobilized Daphnia
•  1,830 mg/L-Killed Daphnia and other crustacean fish witiiin 2 days.
•  CaClz can affect water taste in concentrations ranging from 200-900 mg/L
•  NaCl can affect water taste in concentrations ranging from 150-350 mg/L
Sanders and Addo, 1993
Salts (CaClz, MgClz, and NaCl) •  MgClz can irritate skin tissue with direct contact.
•  High salts concentrations can affect plant growth and increase the risk o f  
vehicle corrosion.
•  Water quality: impacts generally negligible if  proper buffer zone exists 
between treated area and water.
•  Fresh water aquatic impact: may develop at chloride concentrations as low  
as 400  ppm for trout and up to lO.OOOppm for other fish species.
•  Plant: som e species susceptible (pine, hemlock, poplar, ash, spruce, 
maple).
Foley e t a l., 1996
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Table 2.10 -  Environmental and human health impacts of salt and brine dust suppressants (continued).
Suppressant Environm ental and Human Health Impacts References
Chloride •  Pike, bass, and perch, experience harmful effects at chloride concentrations greater 
than 4, 000 ppm. Trout may begin to experience harmful effects at chloride 
concentrations exceeding 400  ppm. Chloride concentrations greater than 10, 000  
ppm, for several days, negatively affect most fresh water aquatic organims.
Golden, 1991
Calcium Chloride •  Toxic to fruit trees
•  W ashes away in heavy rain
•  Cause injury to skin and eyes with direct contact.
RTAC, 1987
D eicing Salts (NaCl, CaClz) •  Honey Locust deciduous tree, privet and honeysuckle deciduous shrubs, juniper 
evergreens, and Kentucky 31 tall fescue grass are resistant to quite heavy 
applications o f  deicing salts. Tulip poplar, green ash, rose, spirea, hemlock, and 
Kentucky bluegrass are less tolerant to salt. D eicing salts affect the physiology and 
growth o f  plants by changing soil solutions.
Hanes et a i ,  1976, 
Hanes et a i ,  1970
Chlorides and nitrates o f  various 
metals
•  T oxicity threshold concentrations to fish and Daphnia m agna  vary with metal 
types, with sodium chloride being the least toxic (3 ,680 ppm) follow ed by calcium  
(920 ppm), magnesium (740 ppm), and potassium (432 ppm) chloride, the most 
toxic o f  the four salts. Gold fish {C arassius aiiratus) were not harmed by 5 ,000 ppm  
sodium chloride. In general, nitrate salts are more toxic than chloride salts. 
Crustaceans tolerate much less calcium  chloride than fish do. Golden shiner fish  
(Notem igonus crysoleucas), were found to die at 5 ,000 ppm calcium  chloride 
concentrations.
Anderson, 1984
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Table 2.11 -  Environmental and human health impacts of non-petroleum based dust suppressants.
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Suppressant Environm ental and Human Health Impacts References
Lignin •  Lignin discharged to a water body has a high coloring effect and introduces 
a large amount o f  organics. In an experiment performed over a period o f  
100 days less than 50% o f  the lignin present was oxidizable.
Raabe, 1968
Ligninsulfonate •  Increased biochem ical oxygen demand and reduced light penetration in 
receiving waters because o f  the light yellow  tint ligninsulfonate imparts to 
the water.
•  E xcessive foaming and discoloration o f  receiving water bodies when 
ligninsulfonate is introduced. Fish have high tolerance for ligninsulfonate.
•  Ligninsulfonates have been shown to be toxic to rainbow trout. The L Q o at 
48 hours was determined to be 7 ,500 ppm. Retarded effect on rainbow trout 
growth was observed at concentrations as low  as 160 mg/L.
•  B iota living in the lower portion o f  the water body are likely to be at greater 
risk because o f  increased oxygen demand.
Heffner, 1997
Ligninsulfonate •  Exposure o f  rainbow trout (salm o gairdneri) to sublethal concentrations o f  
ligninsulfonate show s that at concentrations o f  160 ppm and higher, the 
growth rates were lower. Higher ligninsulfonate concentrations had the 
m ost retarding effect on trout growth. N o  difference in quantitative and 
qualitative com position o f  the intestinal flora was observed in the groups 
that had different concentrations o f  ligninsulfonate. The activities o f  
proteinases and nucleases were significantly impaired in fish exposed to 
concentrations o f  1,280 ppm ligninsulfonate or higher, and those o f  
am ylases at concentrations o f  320 ppm LS and higher.
Roald, 1977a
Ligninsulfonate •  The 48-hour LC50 found to be 7 ,300 ppm for rainbow trout. Exposure o f  
rainbow trout to 2 ,500 ppm for 275 hours caused the death o f  50% o f  the 
fish. Before dying these fish showed illness signs such as loss o f  reaction to 
sudden movements, sw im m ing c lose to the water surface, and rapid and 
irregular breathing. Fish lost coordination and kept lying on their sides for 
hours before dying.
Roald, 1977b
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Table 2.11 -  Environmental and human health impacts of non-petroleum based dust suppressants (continued).
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Suppressant Environm ental an d  Human Health Impacts References
Ligninsulfonate •  Moderately toxic to rainbow trout
•  S low  biodégradation. It persists in the environment.
RTAC, 1987
Ligninsulfonate •  R eceiving waters presented excessive foaming and discoloration, 
which is responsible for reducing the biological activity in the polluted 
water.
•  D oes not prevent seed germination.
•  Contributes to long term oxygen demand.
Singer et a i ,  1982
Ligninsulfonate •  M ass spill may de-oxygenate the water. Foley e t a l., 1996
Sodium  Ligninsulfonate •  Four groups o f  guinea-pigs were given ligninsulfonate in 
concentrations varying from 10-40 g/L. In groups receiving  
ligninsulfonate the animals gained less weight than in the control 
group. M ultiple focal ulcers were found mainly in the Caecum (large 
bow el). Ulceration incidence was found in two out o f  eight, two out o f  
four, and four out o f  four animals that received 10 g/L, 20  g/L, and 40  
g/L respectively.
Watt and Marcus, 1974
Sodium, calcium , and 
m agnesium ligninsulfonate
•  Guinea-pigs were fed with the same diet. During 8 weeks three 
groups o f  eight animals received 40  g/L  o f  sodium, calcium  and 
m agnesium ligninsulfonate aqueous fluid, and one group received  
water without ligninsulfonate. Anim als that took fluid containing 
magnesium ligninsulfonate showed less weight gain interference and 
no ulceration on the colon.
Watt and M arcus, 1976
Organic non-petroleum (lignin  
derivatives)
•  H igh BO D  that may be leached out and reach water bodies located 
c lose  to the application area.
Bolander, 1999a
Organic non-petroleum  
(V egetable oils)
•  Impacts on water quality, aquatic life, and plants are not well 
understood.
Bolander, 1999a
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2.4.3 Organic Petroleum Products
Organic petroleum based products are considered long lasting products for dust 
suppression. However, since some of them consist of oil waste, their environmental 
impacts may be high. Waste oil used as a dust suppressant is typically associated with 
contaminants that are known to be either toxic or carcinogenic. The accidental 
introduction of a petroleum based dust suppressant (Coherex) into a stream in Southern 
Pennsylvania was found to affect fish and benthic macroinvertebrate communities and to 
kill an unknown number of fish (Ettinger, 1987). Organic petroleum-based products have 
also been found to be toxic to avian Mallard eggs (Hoffman and Eastin, 1981). When 
Mallard eggs were exposed to a concentration of 0.5 pL/egg of the product 60% mortality 
was observed by 18 days of development. Table 2.12 summarizes the environmental and 
human health impacts of organic petroleum-based dust suppressants.
2.4.4 Electro-Chemical Product
Electro-chemical products are thought to have minimum impact in the 
environment when used in their diluted form. However, it has been observed that 
vegetation could not be established in areas treated with sulfonated petroleum products 
(Foley era/., 1996).
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Table 2.12 -  Environmental and human health impacts of petroleum-based dust suppressants.
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Suppressant Environmental and Human Health Impacts References
Petroleum products 
Used and waste oil
• The USEPA prohibits the use of waste or used oil or other materials 
which are contaminated or mixed with dioxins or any other hazardous 
waste as identified in the Hazardous Waste Amendments of 1984 
(HSWA) for dust suppressants. Several studies in the mid 1980's showed 
that waste oils contained known toxic or carcinogenic compounds.
RTAC, 1987 
Metzler, 1985 
USEPA, 1984
Petroleum based binders • One liter of hydrocarbon solution can contaminate 1,600 liters of 
groundwater.
• Tars are carcinogenic.
• Bunker oil contains toxic hydrocarbons.
• Recycled oil wastes carry environmental risk due to the presence of 
heavy metals and PCBs.
Foley et ai, 1996
RDCO (Clarifite;D0-4) Chevron 
oil product
• Exposure of avian Mallard eggs to DO-4 concentrations as little as 0.5 
pL/egg resulted in a mortality of 60% of the embryos by 18 days of 
development. Egg exposure to mineral pigment, scouring, tannery, and 
methyl mercury chloride industrial effluents showed no toxicity to the 
same avian eggs.
Hoffman and Eastin, 1981
Coherex (petroleum resin) • Coherex was spilled in and around a stream in Pennsylvania in 1987. 
The concentrations of the product were 2,320 mg/kg in day one, 3,550 
mg/Kg in day 2, and 385 mg/Kg in day 59. A rainfall during days 3 and 
10 flushed the stream and lowered the Coherex concentration causing 
damage to fish and microinvertebrate communities. 432 fish, 36 larval 
two-lined salamanders and 1 adult American toad were found dead and 
collected from day 0 to day 1. However, the stream reestablishment 
occurred 10 days after the spill due to similar unaffected upstream 
populations that repopulated the stream.
Ettinger, 1987
Organic petroleum products • In general, these products are toxic.
• Concerns with spills and leaching before the curing.
Foley et «/., 1996
to
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2.5 Costs
Reported costs for dust suppressants and dust suppressant application are shown 
in Table 2.13. It is difficult to compare application costs of dust suppressants because of 
the different materials and dilution ratios used. In general, bulk ligninsulfonate is about 
five times less expensive than Arcadias, Coherex, and CSS-1. The reported cost per acre 
for dust suppressant application reveals a wide range for different products used. In 
general, Chlortex (magnesium chloride) is the least expensive dust suppressant followed 
by ligninsulfonate, Pennzsuppress D (petroleum resin), and Plastex (paper mulch + 
gypsum binder).
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Table 2.13 -  Reported dust suppressant costs.
Suppressants Bulk Product Cost Reference
Calcium Chloride $114.00/ton-$273.00/ton Langdon et a i ,  1983
$195 per dry ton Hoover, 1981
Magnesium chloride $67.00/ton-182 gal/ton Langdon et a i ,  1983
Ligninsulfonate $40.00/ton Langdon et a i ,  1983
Arcadia DO-1 $210.00/ton Langdon et a l ,  1983
Arcadia DO-2 $210.00/ton Langdon et a i ,  1983
Arcadia DO-4 $175.00/ton Langdon et a i ,  1983
Arcadia D0-6KF $215.00/ton Langdon. e t a i ,  1983
Arcadia D0-6PA $ 152.75/ton Langdon e t a i ,  1983
Arcadia DO-8 $ 150.00/ton Langdon et a i ,  1983
Coherex (concentrate) $285.60/ton Langdon et a i ,  1983
CSS-1 $ 150.00/ton Langdon. et a i ,  1983
Suppressants $  Cost /  acre/application Reference
Chlorides $283-$2,023/ acre Foley et a i ,  1996
Calcium chloride cost/mile at a £165 (= $400) Hoover, 1981
21-ft width and 2 Ib/yd"
Chlortex (MgCL) $600/acre James et a i ,  1999
ESl-Duster $9800 (bag of 50 lbs) Langdon et a i ,  1983
Dustac (Ligninsulfonate) $750/acre James et a i ,  1999
Ligninsulfonate cost/mile length £350 ($800-$900) Hoover, 1981
and 21-ft width
Organic Binders $1011-$24282/acre Foley e t a i ,  1996
Petroleum Binder $2023-$5261/acre Foley e t a i ,  1996
PennzsuppressD (petroleum $800/acre James et a i ,  1999
resin)
Surfactants < $1619/acre Foley et a i ,  1996
Polymeric Binders $6475/acre Foley et a i ,  1996
Polytex (acrylic polymer $700/acre James et a i ,  1999
emulsion)
Soil-Sement (acrylic polymer $1050/acre James et a i ,  1999
emulsion)
Plastex (paper mulch + gypsum $850/acre James et a i ,  1999
binder)
Hydroseed (wood fiber mulch + $ 1,200/acre James et a i ,  1999
brome seed)
Recycled Aggregate $ 13,500/acre James et a i ,  1999
Ionic Stabilizers $l,214-$4,047/acre Foley et a i ,  1996
Microbiological Binders $3,642/acre Foley et a i ,  1996
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CHAPTERS
EXPERIMENTAL METHODS AND MATERIALS
3.1 Experimental Design
An experimental site located at the Las Vegas Valley Water District West Central 
Reservoir and Well field site was graded in order to create conditions similar to a 
construction site. The experimental site presented a gravelly fine sandy loam soil (Cave- 
Las Vegas-Goodsprings-Destazo-tencee) which is representative of 35.6% of the Las 
Vegas Valley area, based on general soil classification (USDA, 1985). After grading, 
twelve individual plots (one control and eleven experimental plots) of 10 m x 10 m were 
built. Eleven dust suppressant types were topically applied to the plots at the loading and 
dilution rates specified in Table 3.1. Three subplots of 2.4 m x 2.4 m were created inside 
the larger plots to suit the rainfall simulation apparatus and to promote better collection of 
the runoff. Figure 3.1 presents the layout of the plots and subplots used for the rainfall 
simulation. Rainfall events with characteristics similar to those of the Las Vegas Valley 
were simulated in each plot. The runoff resulting from the plots was collected and 
analyzed for metals, volatile and semi-volatile organic compounds, pesticides, solids, 
turbidity, nitrate, ammonia, pH, chloride, sulfate, phosphate, cyanide, sulfide, alkalinity, 
hardness, conductivity, salinity, coliform bacteria, chemical oxygen demand (COD), 
biochemical oxygen demand (BOD), and total organic carbon (TOC). The following 
section outlines why these parameters were chosen.
31
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Table 3.1 -  Dust suppressant categories used, application and dilution rates.
Trade Name Type Dilution/Mix Application Rate
Dust Gard Magnesium chloride No dilution 0.5 gal/yd'^
Poly Bond Acrylic polymer 1:4 0.5 gal/yd^
Dustac Ligninsulfonate 0.25 lb/gal 0.75 gal/yd^
Soil Sement Acrylic polymer 1:4 0.25 gal/yd^
Plas Bond Fiber mulch Water 
500 lb gypsum 
300 lb mulch 
10-15 lb color
6000 lb/acre 
1.241b/yd^
EK-35* Synthetic iso-alkane No dilution 0.25 gal/yd^
Enviro-tac Acrylic polymer - -
Topein Ligninsulfonate 1:7 0.5 gal/yd^
Road Pro Petroleum-based No dilution 0.25 gal/yd^
Road Oyl Organic nonpetroleum 1:5 0.20 gal/yd^
Coherex Petroleum-based 1:4 0,35 gal/yd^
* EK-35 is a mixture of acrylic polymer and tall oil.
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Berm
Subplot CSubplot A
Runoff SurfaceRunoff Surface
V  Diagonally cut 2" PVC 
pipe used for runoff 
collection
Subplot B
Runoff Surface
Dust Suppressant 
Application Plot 
(lOmx 10m)
Figure 3.1: Layout of suppressant treated plot and subplots used to test runoff water 
quality
3.2 Selection of Water Quality Parameters to be Analyzed in the Runoff and Soil Extract 
In this research, two main environmental factors were evaluated: (a) the quality of 
the runoff emanating from the plots treated with dust suppressants, and (b) the residual 
contaminants remaining in the soil after rainfall events. In Nevada, there are currently no 
regulations for the quality of runoff waters. However, Nevada has water quality 
standards for aquatic life and for surface waters contaminated by hazardous substances 
present in soils. The parameters analyzed in this research were chosen by contrasting 
federal and state regulations on water quality for aquatic life, regulations on hazardous 
waste pollutants, and priority pollutant regulations. The majority of the toxic substances 
regulated by the state of Nevada are included in the EPA National Recommended Water
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Quality Criteria for Priority Pollutants. The following regulations were compiled and 
contrasted to determine analyses to be performed in the runoff and soil extract from the 
plots to which suppressants were applied:
1. The EPA National Recommended Water Quality Criteria for freshwater for 
priority pollutants (Table C.2 - Appendix C).
2. The EPA National Recommended Water Quality Criteria for freshwater for 
non-priority pollutants (Table C.3 - Appendix C).
3. The Nevada NAC 445A.119 for beneficial uses (aquatic life) (Table C.4 -  
Appendix C).
4. The Nevada NAC 445A. 144 for toxic substances (Table C.l -  Appendix C)
5. The Nevada NAC 445A.2272 for waters emanating from contaminated soil
was consulted and it was learned that this regulation calls for the Toxicity
Characteristic Leaching Procedure (TCLP) and for petroleum hydrocarbon 
concentration in soil (Table C.5 - Appendix C).
6. The Material Safety Data Sheets (MSDS) for the dust suppressants under
consideration were examined and components, which reflect their
composition, were added to the analysis.
7. The EPA Synthetic Precipitation Leaching Procedure, Method 1312 
(Appendix D).
The EPA freshwater priority and non-priority pollutant lists, the Nevada 
beneficial use and toxic substances regulations for aquatic life (NAC 445A. 119 and NAC 
445A.144) and regulations for waters from contaminated soils (TCLP - NAC
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445A.2272), and the potential harmful substances based on the MSDS’s were 
combined to create Table C.6 (Appendix C). After comparing and contrasting these 
regulations, a list of compounds to be analyzed for in the runoff emanating from the plots 
to which suppressants were applied was created (Table 3.2). However, the maximum 
contaminant levels (MCL) in the regulations cannot be used to establish the effects of 
suppressants on runoff water quality because they were not meant to be used for runoff 
waters. There are no specific standards for runoff waters generated from dust 
suppressant-treated surfaces. The approach adopted in this research was to compare the 
water quality of the runoff and soil extracts of a control plot to which no dust suppressant 
was applied with that of plots treated with suppressants. Table 3.2 presents all 
components analyzed in the runoff samples. The highlighted compounds were analyzed 
in the soil extract.
3.3 Rainfall Water Quality
Because of the many interactions of soil components with the suppressants and 
the rainfall, it was important that the composition of the water used in simulated rainfall 
events be as close as possible to that of the rainfall in the Las Vegas area. The average 
composition of the rainfall in the Las Vegas Valley, as reported by the National 
Atmospheric Deposition Program for a station located in Red Rock Canyon is 
summarized in Appendix A. The characteristics of the rainfall water in the Red Rock 
Canyon Station include an average pH of 5.4, an average conductivity of 9.52 |iS/cm, and 
very low concentrations of cations and anions. Since the Las Vegas tap water presents 
very high hardness (about 300 mg/L as CaCOs), a RO system was used to generate a
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water quality similar to that of rainfall events. The RO system used was a Culligan B - 
4L Plus RO system preceded by a Culligan MK-89 carbon filter to remove organics and 
chlorine. Las Vegas tap water was the input for the RO system to generate a water 
supply with characteristics similar to those of rainfall. The water generated by the RO 
system was stored in a 1,100-gallon black plastic (Norwesco - #27718) tank.
3.4 Runoff Samples Collection and Preservation
During the rainfall simulations, a minimum of 9.5 liters of runoff was required to 
perform the water quality analyses. Rainfall simulation was performed in two of the 
subplots on the same day. The first 4.75 liters of runoff emanating from each subplot was 
collected and mixed together to obtain a composite runoff sample to perform water 
quality analyses. The volume of the remaining runoff was measured, but was not used 
for water quality tests. In the field, 100 mL of sample was collected into acidified vola- 
vials for the analysis of volatile organic compounds. In addition, a sample was collected, 
in the field, into a sterile vial for coliform analysis. The remaining composite was 
transported on ice to the UNLV Environmental Engineering laboratory, divided into 
aliquots, preserved and stored according to the standards procedures summarized in 
Appendix B. The collection system used in the rainfall simulation is presented in Figure 
3.2.
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Table 3.2: Contaminants analyzed for in the runoff and soil extract from the plots
Compound Compound
Organochlorine Pesticides and PCBs: 
Aldfin ' ’ssmxSÊmsm
Alpha-BHC to n
Beta-BHC
A-Chlordane
r  ’ ,
B-Chlordane
O .  )
4,4’-DDD
4,4’-DPE
4,4’-DDT
Delta-BHC  ̂ ^ ^
Dieldrin
Endosulfan I Inorganic and Other Parameters:
Endosulfan H
: Endosulfan Sulfate
Endnn:
; Endrin Aldehyde . ‘
Gamma-BHC (Lindane) : Biochemical Oxygen Demand (BOD)
■ Heptachlor •
Heptachlor Epoxide Salinity' ^
; Malathion
Methoxychlor Sulfate
Mirex ■
Toxaphene
: Aroclor-1016 ' v ̂ Turbidity
Aroclor-1221
Aroclor-1232.
. Aroclor-12.54 : :.V:
;Aroclor-1260
Metals:
^Aluminum * ”* J  * '' Coliform
j Arsenic ' v ” '  k
I Barium t  ' Volatile Organics (Table 3.2A)
 ̂Boron
i-Cadmium ' '
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Table 3.2A: Volatile organic compounds analyzed for in the runoff from the plots
Compound Compound
Acetone 1,3-Dichloropropane
Benzene 2,2-Dichloropropane
Bromobenzene (Phenyl bromide) 1,1 -Dichloropropene
Bromochloromethane cis-1,3-Dichloropropene
Bromodichloromethane trans-1,3-Dichloropropene
Bromofoim (Tribromomethane) Ethylbenzene
Bromomethane (Methyl bromide) Hexachlorobutadiene
2-Butanone (MEK, Methyl ethyl ketone) 2-Hexanone
n-Butylbenzene Isoproprylbenzene
sec-Butylbenzene p-Isopropyltoluene (4-Isopropyltoluene)
tert-Butylbenzene Methyl tert-butyl ether (MTBE)
Carbon disulfide 4-Methyl-2-pentanone (MIBK)
Carbon tetrachloride (Tetrachloromethane) Methylene chloride (Dichloromethane)
Chlorobenzene Naphthalene
Chloroethane n-Propylbenzene
2-Chloroethyl vinyl ether Styrene
Chloroform (Trichloromethane) 1,1,1,2-Tetrachloroethane
Chloromethane (Methyl chloride) 1,1,2,2-Tetrachloroethane
2-Chlorotoluene (o- Chlorotoluene) Tetrachloroethene (Tetrachloroethylene)
4-Chlorotoluene (p- Chlorotoluene) Toluene (Methyl benzene)
Dibromochloromethane 1,2,3-Trichlorobenzene
l,2-Dibromo-3-chloropropane (DBCP) 1,2,4-Trichlorobenzene
1,2-Dibromoethane (Ethyl dibromide) 1,1,1 -Trichloroethane
Dibromomethane 1,1,2-Trichloroethane
1,2-Dichlorobenzene (o-DCB) Trichloroethene (Trichloroethylene)
1,3-Dichlorobenzene (m-DCB) Trichlorofluoromethane
1,4-Dichlorobenzene (p-DCB) 1,2,3-Trichloropropane
Di c h 1 orodi fl uorometh ane (Freon 12) 1,2,4-Trimethylbenzene
1,1-Dichloroethane (1,1-DCA) 1,3,5-Trimethylbenzene
1,2- Dichloroethane (1,2-DCA) Vinyl acetate
1,1- Dichloroethene (1,1-DCE) Vinyl chloride (chloroethene)
cis-l,2-Dichloroethene o-Xylene
trans-1,2-Dichloroethene m-& p-Xylenes
1,2-Dichloropropane
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Table 3.2B: Semi-volatile organic compounds analyzed for in the runoff and soil
Compound Compound
Acenaphthene 2,4-Dinitrotoluene
Acenaphthylene 2,6-Dinitrotoluene
Anthracene Fluoranthene
Benzo (a) anthracene Fluorene
Benzo (a) pyrene Hexachlorobenzene
Benzo (b) fluoranthene Hexachlorobutadiene
Benzo (g,h,i) perylene Hexachlorocyclopentadiene
Benzo (k) fluoranthene Hexachloroethane
Benzoic acid Indeno (1,2,3-cd) pyrene
Benzyl alcohol Isophorone
bis (2-chloroethoxy) methane 2-Methylnaphthalene
bis (2-chloroethyl) ether 2-Methylphenol
bis (2-chloroisopropyl) ether 4-Methylphenol
bis (2-ethylhexyl)phthalate 2-Methyl-4,6-dinitrophenol
4-Bromophenyl-phenylether N-Nitroso-di-n-propylamine
Butylbenzylphthalate N-Nitrosodiphenylamine
4-Chloro-3-methylphenol Naphthalene
4-Chloroaniline 2-Nitroaniline
2-Chloronaphthalene 3-Nitroaniline
2-Chlorophenol 4-Nitroaniline
4-Chlorophenyl-phenylether Nitrobenzene
Chrysene 2-Nitrophenol
Di-n-butylphthalate 4-Nitrophenol
Di-n-octylphthalate Pentachlorophenol
Dibenz (a,h) anthracene Phenanthrene
Dibenzofuran Phenol
1,3-Dichlorobenzene Pyrene
1,2-Dichlorobenzene Pyridine
1,4-Dichlorobenzene 1,2,4-Trichlorobenzene
3,3’-Dichlorobenzidine 2,4,5-Trichlorophenol
2,4-Dichlorophenol 2,4,6-Trichlorophenol
Diethylphthalate Aniline
2,4-Dimethylphenol Azobenzene
Dimethyl phthalate Benzidine
2,4-Dinitrophenol Carbazole
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Figure 3.2: Runoff collection system during a rainfall simulation.
3.5 Soil Leaching Analysis
Soils from each plot were sampled after the rainfall events to determine the 
remaining levels of different suppressant constituents. For the analysis of the residual 
contaminants in the soil, samples were taken from the top two inches of the treated plots, 
after rainfall simulation, and leached using the EPA Synthetic Precipitation Leaching 
Procedure (Method 1312 -  Appendix D). This test is designed to determine the mobility 
of both organic and inorganic compounds from soils and wastes. The test is very similar 
to the TCLP, except that the extraction fluid is a mixture of H2SO4 and HNO3 instead of 
the acetic acid extraction solution used in the TCLP. Method 1312 calls for a pH of
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5±0.05, for soils west of the Mississippi River and 4.2010.05 for soils east of the 
Mississippi River. Leaching was performed using a 6-place rotary agitator with 2.2-L 
wide mouth glass bottles (Associated Design and Manufacturing Company, Alexandria, 
VA). Prior to leaching, the soil was mixed well and ground using a mortar and pestle. 
100 g of soil was then transferred to 2-L of the extraction fluid (60/40 weight percent 
mixture of H2SO4/HNO3) and the closed bottles were agitated at 30 rpm for 18 hours at 
room temperature (23°C). The mixture was then centrifuged and filtered in a 0.7 pm 
membrane filter. The filtrate was analyzed for the same semi-volatile organic 
compounds, PCBs, pesticides, and metals analyzed for in the runoff samples. Another 
extraction of the soils collected from the plots, using the same extraction apparatus and 
mixing conditions, was performed by mixing 10 g of soil sample with 200 mL of DI 
water. This test was performed to allow the analysis of chloride, pH, total organic 
carbon, chemical oxygen demand, conductivity, salinity, nitrate, sulfate, ammonia, 
cyanide, hardness, phosphate, sulfide, alkalinity, and total dissolved solids.
3.6 Analytical Methods
The following procedures were used in the analysis of the runoff and soil extract 
performed in this research. All analyses were performed in duplicate samples and the 
values shown on the graphs are the average of the readings obtained.
3.6.1 pH
A Coming pH/ion meter 450 (New York, NY) with an Orion combination probe 
(Beverly, MA) and a Coming General Purpose Combo probe were used in the 
experiments. Calibration was performed with pH standards of 4.0,7.0 and 10.0.
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3.6.2 Chloride
Chloride was analyzed as per Standard Method 4110 using a DX-120 Ion 
Chromatograph (IC) equipped with an lonPac ASH separation column, an lonPac AG-11 
4-mm guard column (Sunnyvale, CA). A self-regeneration suppressor and external water 
mode were used. Five-mM NaOH (sodium hydroxide) was used as the eluent in the 
analysis. The sample injection volume was 25-pL, the flow rate for the eluent was 1.00 
mL/min. The IC calibration curve achieved a (from linear least square analysis) value 
of 0.997 or greater. A quality control (QC) sample was analyzed every 20 samples.
3.6.3 Total Organic Carbon
Non-Purgable Organic Carbon (NPOC) was measured in all runoff and soil 
extraction samples using a total organic carbon analyzer, Shimadzu TOC-5000A 
(Moorpark, CA). An R  ̂ (from least square analysis) of 0.998 or greater was maintained 
in the calibration curves.
3.6.4 Chemical Oxygen Demand
Chemical Oxygen Demand (COD) test was performed using low and high range 
pre-mixed Hach (Loveland, CO) COD vials, a Hach COD reactor, and a Milton Roy 
Spectronic 20 spectrophotometer. A COD vial containing DI water was used as the blank 
to calibrate the spectrophotometer.
3.6.5 Biological Oxygen Demand
BOD testing was performed as per Standard Method 5210B. Samples were 
seeded with domestic wastewater in 300-mL BOD bottles to promote biological 
oxidation of the potential biodegradable organic matter in the samples. The Dissolved 
Oxygen (DO) of the samples was determined using a Y SI54 A Dissolved Oxygen meter
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(Yellow Springs, OH) with a YSI 5720 probe. BOD dilution water was used as the 
blank control. After seeding, samples were incubated at 20“C for a period of five days. 
Dissolved Oxygen was measured before and after incubation and the BOD was calculated 
from the difference between the initial and the final DO measured in the bottles.
3.6.6 Conductivity and Salinity
A YSI Model 30 salinity/conductivity meter (Yellow Springs, OH) was used to 
measure the conductivity of the runoff and soil extracts. Salinity was calculated from the 
conductivity measured in the filtered samples using the practical salinity scale that was 
modified for low salinity ranges as per Hill, et al. (1986). The calculation method used 
for the salinity is presented below:
*o/(0
Where
Spss is the value determined from the practical salinity scale 1978
1=0
and:
ao = 0.0080 bo = 0.0005
ai = -0.1692 b] = -0.0056
a% = 25.3851 62 = -0.0066
as = 14.0941 bs = -0.0375
a4 = -7.0261 64 = 0.0636
as =2.7081 bs = -0.0144
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l + 0.0162(r-15)
z = 400 R, y=  100 R,
R, is the ratio of conductivity of the water, at temperature t, to the conductivity of 
seawater of practical salinity, S = 35 (32.4356 g of KCl in a mass of 1 Kg of solution) at 
the same temperature, both at one standard atmosphere of pressure. The conductivity of 
standard seawater (S = 35) at 15°C is approximately 4.2914 S/m.
3.6.7 Nitrate, Sulfate, Sulfide, Ammonia-Nitrogen, Cyanide, and Turbidity
Nitrate, sulfate, ammonia-nitrogen, and cyanide were measured using a Hach 
DR/890 colorimeter following the procedures suggested by the manufacturer (Hach, 
Loveland, CO). Turbidity was measured for runoff samples using the same equipment.
3.6.8 Hardness
Hardness testing was performed using a Hach Hardness Kit that uses the EDTA 
Titrimetric Method as described in Standards Methods 2340C (APHA, 1995) for both, 
runoff and soil samples.
3.6.9 Phosphate
Phosphate was measured using the Ascorbic Acid Method # 4500E (APHA, 
1995). A Spectronic 20D spectrophotometer with infrared phototube for use at 880 nm, 
providing light path of 2.5 cm was used to measure the phosphorus concentration. To 
correct for color interference, present in most of the samples, a blank was prepared by
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adding sulfuric acid and ammonium molybdate to the samples. The blank absorbance 
was subtracted from each sample absorbance to obtain the final result.
3.6.10 Alkalinity
Alkalinity was measured using the Titration Method # 2320B (APHA, 1995). A 
Coming pH/ion meter 450 (New York, NY) was used to measure the initial and final pH 
values of the samples.
3.6.11 Gravimetric tests
Total Solids (TS), Total Volatile Solids (TVS), Total Suspended Solids (TSS), 
and Total Dissolved Solids (TDS) analyses were performed gravimetrically in the runoff 
from all the plots using Standard Method procedure #2540 (APHA, 1995). In addition, 
TDS was analyzed in the soil extract from the treated and control plots.
3.6.12 Coliform
Coliform was determined in the runoff samples using the Chromogenic Substrate 
Coliform Test # 9223B (APHA, 1995). Tests were performed using Colilert, a product 
from the Idexx Laboratories, Inc. (Westbrook, ME). A 100-mL potion of diluted sample 
was added to the reagent container provided by the manufacturer. The enzymatic 
substrate was added to the reagent container and mixed to dissolve. The mixture was 
then placed on Quanti-Trays®, and sealed using a Quanti-Tray/2000 sealer. The sealed 
trays were incubated at 35°C for 24 hours. The Most Probable Number (MPN) of 
coliform was evaluated using the MPN table provided by Idexx Laboratories, Inc.
3.6.13 Iron
Iron was measured using a Perkin-Elmer A Analyst 100 Atomic Absorption 
Spectrometer (Norwalk, CT). Calibration of the equipment was performed using three
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points calibration (0, 5, and 10 mg/L). AU samples and standards used to perform the 
calibration were acidified with HNO3 prior to analysis.
3.6.14 Mercury
Mercury was determined according to USEPA Method 1631 “Mercury in Water 
by Oxidation, Purge and Trap, and Cold Vapor Atomic Fluorescence Spectrometry” 
using a Tehran CVAFS Mercury System Model 2600 (Toronto, CA) at the Harry Reid 
Center for Environmental Studies at UNLV. Samples were preserved with bromine 
monochloride (BrCl).
3.6.15 Other Metals
Metals such as aluminum, arsenic, barium, boron, cadmium, chromium, copper, 
lead, manganese, nickel, selenium, silver, thallium, and zinc, were measured using a 
Perkin Elmer Elan 5000 (Norwalk, CT) Inductively Coupled Plasma-Mass Spectrometer 
(ICP-MS) at the Harry Reid Center for Environmental Studies at UNLV. EPA Method
200.8 (External Standard Method by Ultrasonic Nebulizer) was followed.
3.6.16 Volatile Organic Compounds
Volatile organic compounds were measured in the runoff samples by American 
Scientific Laboratories, LLC (Los Angeles, CA) using EPA Method 8260B. Analyses 
were performed using a HP 5972 Mass Selective Detector (MSD) with a HP-624 
capillary column.
3.6.17 Semi-Volatile Organic Compounds
Semi volatile organic compounds were analyzed by D-TEK Analytical 
Laboratories, Inc. (San Diego, CA) using EPA Method 3510 for extraction, and EPA
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Method 8270 for runoff and soil extract analyses. Analyses were performed using a 
HP 5890 Series IIGC/MS with a DB-5 capillary column.
3.6.18 Organochlorine Pesticides and Polychlorinated Biphenyls (PCBs)
Organic pesticides and PCBs were measured by D-TEK Analytical Laboratories, 
Inc. (San Diego, CA) using EPA Methods 3510 and 3620 for extraction and EPA 
Methods 8081 and 8082 for runoff and soil extract analyses. Those compounds were 
measured using a HP 5890 Series n  GC/MS with two capillary columns, DB-608 and 
DB-1701.
Table 3.3 summarizes all the analyses, analytical methods, equipment, and quality 
assurance/control procedures used in this study.
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Table 3.3: Summary of methods, equipment, and QA/QC procedure used in the analyses.
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Analysis Analytical Method Equipment QA/QC MDL/Range Reference
pH Corning pH/ion meter 450, 
Orion combination probe.
Calibrated with pH standards 
of 4, 7, and 10.
-1.999 Units
Chloride Ion Chromatography DX-120 Dionex AS 11/AG 11 
columns, 25 pi sample loop, 
0.5 mM NaOH eluent, self 
regeneration suppressor, and 
external water mode.
Calibration curve R  ̂> 0.997. 
Calibrated with chloride 
standards - I to 50 mg/L.
QC run after every 20 
samples.
1 mg/L Standard Method 4110
TOC Total Organic Carbon -
Combustion-Infrared
Method
Shimadzu TOC-5000A Calibration curve R̂  > 0.998 0-40 mg/1 Standard Method 
53 1 OB
COD Chemical Oxygen 
Demand
Pre-mixed Hach COD vials, 
Hach COD reactor, Spectronic 
20 Spectrophotometer
High:0-1500mg/L 
Low:0-I50 mg/L
Standard Method 5220
BOD Biochemical Oxygen 
Demand
YSI 54 A Dissolved Oxygen 
instrument, YSI 5720 probe
2 mg/L Standard Method 
52I0B
Conductivity YSI Model 30 system. QC after every 20 samples 0-200 mS/cm
Salinity Hill etal. (1986) equations 0-80 ppt Hill era/., 1986
Nitrate Colorimetry Hach DR/890 Colorimeter QC after every 20 samples 0.2 mg/L Hach® Datalogging 
Colorimeter Handbook
Sulfate Colorimetry Hach DR/890 Colorimeter QC after every 20 samples 4.9 mg/L Hach® Datalogging 
Colorimeter Handbook
Sulfide Colorimetry Hach DR/890 Colorimeter QC after every 20 samples O.OI mg/L Hach® Datalogging 
Colorimeter Handbook
Ammonia-N Colorimetry Hach DR/890 Colorimeter QC after every 20 samples 0.02 mg/L Hach® Datalogging 
Colorimeter Handbook
Cyanide Colorimetry Hach DR/890 Colorimeter QC after every 20 samples 0.008 mg/L Hach® Datalogging 
Colorimeter Handbook
Turbidity Colorimetry Hach DR/890 Colorimeter 21 FAU Hach® Datalogging 
Colorimeter Handbook
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Table 3.3; Summary of methods, equipment, and QA/QC procedure used in the analyses, (continued).
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Analysis Analytical Method Equipment O.A/OC MDL/Range Reference
Hardness Colorimetry/Titration Hach Hardness Test Kit 20 mg/L Standard Method 2340C
Phosphate Ascorbic Acid Method Spectronic 20D 
spectrophotometer
QC after every 20 samples lOpg/L Standard Method 4500E
Alkalinity Titration Method 20 mg/L Standard Method 2320B
Gravimetric Solids - Standard Method 2540
Coliform Chromogenic Substrate Test Colilert formulation OMPN/lOOmL Standard Method 9223
Iron Atomic Absorption Perkin-Elmer Aanalyst 
100 Atomic Absorption 
Spectrophotometer
QC after every 5 samples 0-10 mg/L Standard Method 3500B 
and 311 IB
Metals Inductively Coupled Plasma 
-M ass Spectrophotometry
Perkin Elmer Elan 5000, 
S/N 114 ICP-M S
0.3-100 pg/L Method 200.8 - External 
Standard Method by 
Ultrasonic Nebulizer
Mercury Cold Vapor Atomic 
Fluorescence Spectrometry
Tekran CVAFS Mercury 
System Model 2600
0.5-100 ng/L EPA Method 1631
Volatile Gas Chromatography/Mass 
Spectrometry
GC/MS 5 pg/L EPA Method 8260B
Semi-volatile Gas Chromatography/Mass 
Spectrometry
HP 5890 Series II - 
GC/MS, DB-5 column
5pg/L EPA Methods 3510 for 
extraction
EPA Method 8270 for 
analysis
Organic pesticides 
and PCBs
Gas Chromatography HP 5890 Series II - 
GC/MS, DB-608 and DB- 
1701 columns
Water:
0.054-0.9 pg/L 
Soil:
57-70 pg/L
EPA Methods 3510 and 
3620 for extraction 
EPA Methods 8081 and 
8082 for analysis
C / )
C / )
CHAPTER 4 
RESULTS AND DISCUSSION
4.1 Runoff Water Quality
The composition of the runoff water originated from each individual plot treated 
with dust suppressant was compared with that of the control plot, to which no dust 
suppressant was applied. The results are presented below. The raw data used to build the 
figures are shown in Appendix E.
4.1.1 Volatile and Semi-Volatile Organics, and Pesticides
Analysis of sixty-seven toxic volatile organic compounds (Table 3.2A) revealed 
the presence of acetone, 2-butanone, and 2-hexanone in the runoff of some of the plots 
(Figure 4.1). Acetone concentration in the control plot and in the majority of the other 
plots was below 30 pg/L. However, acetone concentrations of 196 pg/L, 133 pg/L, and
60.2 pg/L were found in the plots treated with EK-35 (synthetic iso-alkane), Enviro-tac 
(acrylic polymer), and Coherex (petroleum-based), respectively. Only the runoff of the 
plots treated with acrylic polymer (Poly- Bond) and synthetic iso-alkane (EK-35) showed 
detectable levels of 2-butanone, 18.9 pg/L and 45.4 pg/L, respectively. 2-Hexanone (8.2 
pg/L) was detected only in the runoff sample collected from the plot treated with EK-35. 
The presence of elevated concentrations of ketones (e.g. acetone) in EK-35, Enviro-tac,
50
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Coherex, and Road Oyl is expected since volatile organic compounds are used in the 
manufacturing of these products.
s
1
250
200
150
100
50
0 ta. g
y
< f  /  C' y
. . y  y  ^
Dust suppressant
^  cT'
^  Acetone H 2-Butanone (MEK) ■  2-Hexanone
Figure 4.1: Volatile organic compounds detected in the runoff of plots treated with dust 
suppressants.
Analysis of sixty-nine semi-volatile organic compounds (Table 3.2B) revealed the 
presence of benzoic acid, di-n-butylphthalate, and pentachlorophenol (Figure 4.2). 
Benzoic acid concentrations ranged from 160 pg/L to 320 pg/L. The highest benzoic 
acid concentration was detected in runoff samples collected from the plots treated with 
Poly-Bond (320 pg/L), Enviro-tac (235 pg/L), and Coherex (225 pg/L). Benzoic acid 
was detected in concentrations higher than 200 pg/L only in the runoff from the plots to 
which acrylic polymer and petroleum-based products were applied. Benzoic acid is 
likely to be associated with the composition of these products. Di-n-butylphthalate was 
present in the runoff of the plot treated with Poly-Bond (3.08 pg/L), Soil Sement (7.45 
pg/L), and Enviro-tac (3.29 pg/L) all of which are acrylic polymers. The presence of di-
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n-butylphthalate in acrylic polymer products can be expected since it is present in the 
adhesive products used to manufacture acrylic polymers. The plot treated with EK-35 
presented pentachlorophenol (15.6 pg/L), the only pesticide detected in the runoff 
samples. The presence of pentachlorophenol in EK-35 may be associated with the use of 
tall oil in the manufacturing of this product. Tall oil is a by-product of the paper making 
industry and pentachlorophenol, used as an insecticide or pre-harvest defoliant in the 
wood industry, could end-up in the tall oils. No other organochlorine pesticide or 
polychlorinated biphenyls (PCBs) were found, above detection limits, in the runoff 
samples from the suppressant-treated or control plots. The pesticides and PCBs analyzed 
for in this research are listed in Table 3.2.
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Figure 4.2: Semi-volatile organic compounds detected in the runoff samples.
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4.1.2 Solids and Turbidity
Concentrations of Total Dissolved Solids (TDS), Total Suspended Solids (TSS), 
Total Solids (TS), Total Volatile Solids (TVS), and turbidity (Figure 4.3) were evaluated 
in the runoff samples from all plots. TDS values ranged between 245 and 1,333 mg/L. 
The highest TDS concentrations were detected in the runoff samples collected from the 
plots where the fiber mulch (Plas-Bond), synthetic iso-alkane (EK-35), and petroleum- 
based (Coherex) suppressants were applied. TDS concentrations detected in the runoff 
samples from the other plots were relatively constant ranging from 497 to 245 mg/L. 
Total suspended solid concentrations varied between 1,043 and 9,678 mg/L. The highest 
TSS values were found in the runoff sample from the plots treated with Dust Gard, Poly- 
Bond, EK-35, Topein, and the control plot. All the dust suppressants, except for Dust 
Gard (magnesium chloride) acted to decrease the concentrations of suspended solids 
emanating from the plots, as compared to the control. Magnesium chloride application 
promoted the release of more particles from the soil resulting in higher TSS. The same 
observations can be made by evaluating TS and TVS. Turbidity values varied from 1,494 
to 8,100 FAU (Formazin Attenuation Units). Most of the turbidity values were below 
3,000 FAU. The highest turbidity value was encountered in the runoff sample collected 
from the control plot. As expected, turbidity values were found (Figure 4.3) to be similar 
in trend to TSS concentrations (R  ̂= 0.844).
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Figure 4.3; TDS, TSS, TS, TVS, and turbidity concentrations found in the runoff 
samples.
4.1.3 Inorganic Constituents
The inorganic constituents analyzed in this study were nitrate, ammonia-nitrogen, 
chloride, sulfate, phosphate, cyanide, and sulfide. pH was also analyzed for. Nitrate 
concentrations ranged from 0.0 to 5.1 mg/L as N. The highest nitrate concentrations 
were detected in the runoff samples from Road Pro (5.1 mg/L as N), Dustac (4.5 mg/L as 
N), Soil Sement (3.4 mg/L as N), and Topein (3.35 mg/L as N). The control plot 
presented a nitrate concentration (1.6 mg/L as N) approximately three times lower than 
the highest concentration found in the runoff samples (Figure 4.4). The origin of nitrate 
in these suppressants is not evident from their reported chemical composition. No nitrate 
was detected in the runoff sample collected in the organic non-petroleum based plot 
(Road Oyl). Interestingly, the nitrate concentration in the runoff of Coherex, a 
petroleum-based suppressant, was 0.05 mg/L compared to 5.1 mg/L for Road Pro, the 
other tested petroleum-based suppressant. Ammonia-nitrogen concentrations varied from
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0.0 to 8.5 mg/L as N (Figure 4.4). Runoff from the plots to which petroleum-based 
(Coherex) and the non-petroleum based tall oil (Road Oyl) suppressants were applied 
presented the highest ammonia concentrations, 8.50 mg/L as N and 6.5 mg/L as N, 
respectively. All other plots presented ammonia concentrations less than 0.75 mg/L. pH 
values of the runoff varied from 6.8 to 8.8 units (Figure 4.4). The highest pH value (8.8) 
was found in the runoff from the plot that received magnesium chloride treatment (Dust 
Gard) and the lowest pH was found in the plot treated with EK-35.
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B  Road Pro 
□  Road Oyl 
■  Coherex
Figure 4.4: Nitrate, ammonia-nitrogen, and pH results.
Chloride values ranged from 3.1 to 42.8 mg/L (Figure 4.5). As expected, the 
highest concentration of chloride (42.8 mg/L) was detected in the sample collected from 
the plot treated with magnesium chloride. The ligninsulfonate (Topein) presented the 
second highest concentration of chloride, 39.7 mg/L, followed by the synthetic iso-alkane 
(EK-35), 34.4 mg/L. All other plots, including the control (3.7 mg/L), presented chloride 
concentrations below 20 mg/L. Sulfate concentrations in the runoff ranged from 2 to 134
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mg/L (Figure 4.5), and the highest values were measured in the runoff samples from the 
plots treated with Coherex (134 mg/L), Dust Gard (52.5 mg/L), Enviro-tac (52 mg/L), 
and Plas Bond (38 mg/L). The high sulfate concentration in Coherex is likely the result 
of its origin from petroleum products, but such high sulfate levels were not found in Road 
Pro, the other petroleum-based product. The presence of sulfate in Plas-Bond is 
associated with the presence of calcium sulfate (CaSO#) in its composition. One cannot 
infer the origin of sulfate in Dust Gard and Enviro-tac based on their known chemical 
composition. The control plot presented a sulfate concentration of 9 mg/L.
Chloride Sulfate
□  Dust Gard
□  Control Plot 
in Poly-Bond 
□Dustac
□  Soil Sement
□  Plas-Bond 
SEK 35
□  Enviro-tac 
#  Topein
□  Road Pro
□  Road Oyl 
■  Coherex
Figure 4.5: Chloride and sulfate concentrations in the runoff samples.
Phosphate values ranged from 1.86 to 29.36 pg/L as P (Figure 4.6). The highest 
phosphate value was found in the control plot (29.36 pg/L as P). Soil Sement, Dust 
Gard, and Poly-Bond had the highest phosphate concentrations after the control. It
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appears that the application of dust suppressants had a binding effect on phosphate 
concentrations in the runoff.
Only insignificant amounts of cyanide (<3 pg/L) were found in most of the plots 
(Figure 4.6).
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Figure 4.6: Phosphate and cyanide concentrations in the runoff samples.
Sulfide concentrations of 0.115 mg/L, 0.195 mg/L, and 0.165 mg/L were found in 
the runoff samples from the EK-35, Road Oyl, and Coherex plots, respectively. Sulfide 
concentrations in all other plots, including the control plot (0.04 mg/L), were below 0.08 
mg/L (Figure 4.7).
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Figure 4.7: Sulfide concentrations in the runoff samples.
4.1.4 Other Parameters
Other parameters analyzed include alkalinity, hardness, conductivity, and salinity. 
Alkalinity values greater than the control, were detected only fi-om the plots treated with 
Enviro-tac (232 mg/L as CaCOs), Coherex (146 mg/L as CaCOs), and EK-35 (124 mg/L 
as CaCOs). Hardness values ranged from 40 to 860 mg/L as CaCOs. The maximum 
hardness value, 860 mg/L as CaCOs, was measured in the plot treated with fiber mulch 
(Plas-Bond). This is expected since calcium sulfate is the major component of this 
product. The control plot presented the lowest hardness, 40 mg/L as CaCOs. The other 
samples presented hardness values below 350 mg/L as CaCOs. Figure 4.8 presents the 
alkalinity and hardness concentrations found in the runoff samples.
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Figure 4.8: Hardness and alkalinity concentrations in the runoff samples.
Conductivity measurements and salinity calculations varied from 157 to 1,349 pS 
and from 0.09 to 0.84 ppt (Figure 4.9 and 4.10), respectively. The highest conductivity 
and salinity were found in the runoff of the plot treated with fiber mulch (Plas-Bond). As 
expected, this is also the runoff with the highest TDS value. The lowest values were 
encountered in the samples from the control plot. Thus, all the suppressants applied 
contributed to increasing the conductivity and salinity of the runoff.
4.1.5 Organic Constituents
The organic character of the samples was evaluated using biochemical oxygen 
demand (BOD), soluble chemical oxygen demand (soluble COD), and Total Organic 
Carbon (TOC) measurements (Figure 4.11). The BOD values found were very low and 
varied from 0 to 42 mg/L indicating that most suppressants investigated exert a small 
readily biodegradable oxygen demand. However, the BOD values for the plots treated 
with EK-35, Coherex, and Enviro-tac are relatively higher than that of the control plot.
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The soluble COD values ranged from 7.5 mg/L (control plot) to 1,290 mg/L 
(Enviro-tac). The highest soluble COD values were found for Dustac, EK-35, Enviro-tac, 
and Coherex. The concentrations of TOC in the studied runoff samples were between 3 
and 303 mg/L and the highest values were detected in the samples from the 
ligninsulfonate (Dustac), acrylic polymer (EK-35), and petroleum-based (Coherex) plots. 
For all the other samples the TOC concentrations were smaller than 75 mg/L. The 
petroleum-based and acr^iic polymer suppressants, except for Poly Bond and Soil 
Sement, show higher TOC and COD concentrations. One would expect high COD 
values for Poly Bond and Soil Sement because of their formulation as acrylics, but this 
was not observed.
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Figure 4.9: Conductivity concentrations in the runoff samples.
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Figure 4.10: Salinity concentrations in the runoff samples.
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Figure 4.11: Soluble COD, BOD, and TOC concentrations in the runoff samples.
4.1.6 Microbial Analysis
The concentrations of total coliform bacteria in the runoff from most plots were 
found to be very small, except in that of the Coherex plot (Figure 4.12). For that, a
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coliform count of 2,500 MPN/100 mL was found. We cannot explain the presence of 
coliform bacteria in the runoff of this plot.
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Figure 4.12: Coliform bacteria concentrations in the runoff samples.
4.1.7 Metals
Metal concentrations measured in this study include boron, aluminum, chromium, 
manganese, nickel, copper, zinc, arsenic, selenium, silver, cadmium, barium, thallium, 
and lead. Figure 4.13 presents boron, manganese, and barium concentrations found in the 
runoff samples. A high concentration of boron (466 pg/L) was observed in the runoff 
sample from the plot treated with magnesium chloride (Dust Gard). All other plots 
presented boron concentration slightly higher or less than that found in the control plot 
(89.18 pg/L). Thus, the runoff from the Dust Gard plot had boron concentrations 
approximately four times higher than that of the control (Figure 4.13). The runoff from 
the plot treated with Coherex, EK-35, Road Oyl, Enviro-tac, and Dustac showed 
manganese concentrations greater that that o f the control (13.22 pg/L). The mnoff from
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
63
the Coherex plot exhibited a manganese concentration about twenty-four times higher 
than that of the control (Figure 4.13). Barium concentrations in the plots treated with 
Coherex, EK-35, and Enviro-tac were about 3-5 times that of the control plot 
(20.25 pg/L).
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Figure 4.13: Boron, manganese, and barium concentrations detected in the runoff 
samples.
The chromium concentration (Figure 4.14) in the runoff from the plot treated with 
Dustac (33.50 pg/L) was about thirty times greater than that of the control plot (1.07 
pg/L). The plot treated with Coherex also showed a chromium concentration about three 
times that of the control.
Nickel concentrations were 18-36 times higher in the runoff of the Coherex and 
Road Pro plots, respectively, as compared to the control (Figure 4.14). All other plots 
had nickel concentrations smaller than the control (0.47 pg/L).
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Copper concentrations were found to be higher than the control (2.16 pg/L) in the 
runoff of the plots treated with Coherex (9 times higher), EK-35 (4 times higher), and 
Dustac (4 times higher) (Figure 4.14).
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Figure 4.14; Chromium, nickel, and copper concentrations detected in the runoff 
samples.
Figure 4.15 shows zinc, lead, arsenic, and selenium concentrations in the runoff. 
Zinc concentrations 2-3 times greater than those of the control (4.38 pg/L) were found in 
the plots treated with Plas-Bond, Road Oyl, and Coherex. Lead concentrations 3-6 times 
greater that that of the control (1.09 pg/L) were found in the runoff of the plots treated 
with Soil Sement and Topein. The highest arsenic concentration was found in the runoff 
from the control plot (2.07 pg/L) and it may reflect the presence of naturally occurring 
arsenic in local Las Vegas soils (Figure 4.15). Selenium concentration 7-18 times higher 
than that of the control (0.12 pg/L) were found in the runoff of the plots treated with 
Coherex (2.17 pg/L), Dustac (0.84 pg/L), and Topein (0.93 pg/L).
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Figure 4.15: Zinc, lead, arsenic, and selenium concentrations detected in the runoff 
samples.
Most plots presented low iron concentrations (Figure 4.16), except for the plots 
treated with Road Oyl and Coherex for which iron concentrations were about two times 
higher than the control (400 pg/L). The runoff from the plots treated with Road Oyl and 
Coherex were found to have aluminum concentrations 3-6 times greater than that of the 
control plot (Figure 4.16). The runoff of all other plots had aluminum concentrations 
smaller than that of the control (577.70 pg/L).
Silver, cadmium, and thallium concentrations are depicted in Figure 4.17. Silver 
concentrations in the runoff from the plots treated with Dustac and Soil Sement were 13 
and 5 times greater than that of the control plot (0.01 pg/L), respectively. Cadmium 
concentrations 4-8 times greater than the control (0.03 pg/L) were found in the mnoff of 
plots treated with Enviro-tac, Road Oyl, and Coherex. Thallium concentrations in the 
mnoff from the Coherex and Dust Gard treated plots were about two times that of the 
control (0.11 pg/L).
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Figure 4.16: Iron and aluminum concentrations detected in the runoff samples.
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Figure 4.17: Silver, cadmium, and thallium concentrations detected in the runoff 
samples.
Mercury concentrations in the runoff of most plots were smaller than that of the 
control except for Road Oyl and Soil Sement (Figure 4.18). The runoff of the plot treated 
with Road Oyl had a mercury concentration three times greater than that of the control.
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Figure 4.18: Mercury concentrations detected in the runoff samples.
The suppressants with the highest number of metals (boron, aluminum, 
chromium, manganese, nickel, copper, zinc, selenium, silver, cadmium, barium thallium, 
lead, iron, and mercury) with concentrations higher than the control are the petroleum- 
based (Coherex and Road Pro), tall oil (Road Oyl), ligninsulfonate (Dustac), and 
synthetic iso-alkane (EK-35).
4.1.2 Soil Leaching Analysis
4.2.1 Semi-volatile and pesticides
The concentrations of all semi-volatile, pesticides, and PCBs encountered in the 
extract solution were below the detection limits of the methods. Although small amounts 
of some volatile, semi-volatile, and pesticides were found in the runoff from the plots 
treated with suppressants, basically none of these compounds remained in the soils after 
rainfall simulation. This may that these compounds are present in the dust suppressants
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only in very small amounts or that imply that they are not easily extracted by the method 
used
4.2.2 Total Dissolved Solids Concentrations
Total Dissolved Solids concentrations in soil estracts ranged from 117 to 2,345 
mg/L (Figure 4.19). The lowest TDS value was detected in the control plot and the 
highest was found in the plot treated with fiber mulch (Plas-Bond). TDS values of soil 
extracts from plots treated with Dust Gard (magnesium chloride), Plas Bond (fiber 
mulch), and Topein (ligninsulfonate) were higher than the mnoff while the TDS of the 
plots treated with Dustac (ligninsulfonate), EK-35 (iso-alkane), and Coherex (petroleum- 
based) were lower than those found in the mnoff. TDS was the only solid test performed 
because the soil leaching procedure requires the filtration of the extraction in a 0.7 pm 
filter.
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Figure 4.19: Total dissolved solids concentrations in the soil extract.
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4.2.3 Inorganic Constituents
Inorganic constituents investigated include phosphate, cyanide, nitrate, sulfide, 
ammonia-nitrogen, chloride, and sulfate. pH was also analyzed for. Phosphate values 
varied from 2.86 pg/L to 82.86 pg/L (Figure 4.20). The maximum phosphate 
concentration was found in the control plot. Similar to what was observed in the runoff 
samples, application of dust suppressants seem to decrease the mobility of phosphate. 
From all suppressants applied, Soil Sement has the weakest effect on phosphate mobility. 
Phosphate concentrations in both, the runoff and the soil extract, from the Soil Sement 
plot were closer to those in the control plot. Cyanide was not detected in eight of the 
twelve plots (Figure 4.20). The concentrations of cyanide found were very low and were 
highest in the extracts from the Soil Sement, Dustac, and Road Oyl plots. Cyanide was 
also detected in the runoff samples from the Dustac and Soil Sement. However, the 
runoff from the Road Oyl plot contained no cyanide.
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Figure 4.20: Phosphate and cyanide concentrations detected in the soil extract.
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Nitrate concentrations ranged from 0.2 to 16.2 mg/L as N in the soil extract 
(Figure 4.21). The highest values were measured in the soil extracts from the plots 
treated with Topein, Road Pro, and EK-35. The runoff from plots treated with Topein 
and Road Pro also presented high concentrations of nitrate. However, the high nitrate 
concentrations seen in the runoff from the Dustac and Soil Sement plots, were not 
observed in the soil extract. It can be inferred that the amount of nitrate present in Topein 
and Road Pro is larger than that present in Dustac and Soil Sement.
pH values in the soil analysis ranged from 7.36 to 9.28 units (Figure 4.21). The 
control plot presented the highest pH value (9.28). All applied suppressants decreased 
the pH of the soil extracts, in some cases, the pH decreased by almost two units. 
Decreases in pH were also observed in some of the runoff samples emanating from some 
plots (Figure 4.4).
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Figure 4.21: pH and nitrate values in the soil extract.
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The only extract with a sulfide concentration higher than the control was that of 
the Enviro-tac plot (Figure 4.22). The higher sulfide concentrations observed in the 
runoff from Road Oyl and Coherex were not seen in the soil extracts. Ammonia-nitrogen 
concentrations varied from 0.0 to 1.0 mg/L as N (Figure 4.22). Ammonia-nitrogen 
concentrations higher than the control were found in soil extracts from the Coherex and 
Road Oyl plots. These were also the plots with the highest ammonia concentrations in 
the runoff samples.
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Figure 4.22: Sulfide and ammonia concentrations present in the soil extract.
As expected, the results show that the soil from the plot treated with Dust Gard 
(magnesium chloride) has the highest chloride concentration (221.6 mg/L as compared to
2.4 mg/L in the control). Higher chloride concentrations were also found in the plots 
treated with EK-35, Topein, and Road Pro (Figure 4.23). In the runoff samples, higher 
chloride concentrations were found for the same plots.
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Figure 4.23: Chloiide concentrations detected in the soil extract.
A very high concentration of sulfate, 1,000 mg/L, was measured in the sample 
collected in the fiber mulch plot (Plas-Bond). This is expected because gypsum (CaS04) 
is one of the components of Plas Bond. All other analyses presented sulfate 
concentration equal or below that of the control (Figure 4.24).
4.2.4 Physical Parameters
Alkalinity, hardness, conductivity, and salinity were the physical parameters 
analyzed. The highest alkalinity concentrations detected were found in the sample from 
the plot to which the acrylic polymer (Enviro-tac) and EK-35 were applied. Alkalinity 
values in the extract of these samples were twice as high as the control plot (Figure 4.25). 
Alkalinity values of the runoff emanating from these plots were also the highest (Figure 
4.8). The soil extract from the plot where Plas Bond (fiber mulch) was applied presented 
an extremely high hardness, 1,600 mg/L as CaCOa (Figure 4.25). This is expected 
because of the CaS04 present in this suppressant. Both the soil extract and the runoff
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results revealed that the application of suppressants result in an increase of hardness, as 
compared to the control.
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Figure 4.24: Sulfate concentrations present in the soil extract.
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Figure 4.25: Alkalinity and hardness present in the soil extract.
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The highest conductivity and salinity values were found in the extract from the 
plot that received the Plas-Bond fiber mulch as the dust suppressant treatment (Figures 
4.26 and 4.27). The same was found in the runoff analysis. It is interesting that the 
salinity of both the soil extract and the runoff from this plot are higher than that from the 
magnesium chloride plot (Dust Gard).
4.2.5 Organic Constituents
Soluble COD and TOC concentrations were evaluated in the soil extract from all 
plots, including the control (Figure 4.28). The soluble COD concentrations in the soil 
extract ranged from 15 mg/L to 153 mg/L. The highest soluble COD values were 
measured in the sample collected from the plot treated with the acrylic polymer (Enviro- 
tac) and the iso-alkane (EK-35). The same was also observed in the runoff from these 
plots. The soluble COD and TOC value found in the runoff and in the soil extract show 
the same trend. However, concentrations of TOC and soluble COD in the runoff (Figure 
4.11) were significantly higher than those in the soil extract. This indicates that organics 
present in the suppressants mostly leach out with rainfall instead of attaching to soil 
particles.
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Figure 4.26: Conductivity measured in the soil extract.
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Figure 4.27: Salinity calculated in for the soil extract.
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Figure 4.28: Soluble COD and TOC concentrations in the soil extract.
4.2.6 Metals
Figure 4.29 shows manganese, nickel, copper, and zinc concentrations in the soil 
extract. Manganese concentration in the plots treated with Dustac, Plas-Bond, Enviro- 
tac, and Topein were found to be only about twice as large as those of the control plot 
(13.09 pg/L). Only the Plas-Bond plot showed nickel concentration significantly higher 
(16.98 pg/L) than that of the control (0.53 pg/L) in the soil extract. Copper 
concentrations about 1.5-2 times greater than the control (4.58 pg/L) were found in the 
soil extracts from the plots treated with Dustac, Enviro-tac, Topein, and Road Oyl. Zinc 
concentrations 2-3 times greater than the control (7.80 pg/L) were found in the soil 
extracts from the Plas-Bond and EK-35 plots.
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Figure 4.29: Manganese, nickel, copper, and zinc concentrations detected in soil extract.
Only very small silver concentrations were detected in the soil extracts (Figure
4.30). Silver concentrations 2-3 times greater than that of the control (0.03 pg/L) were 
found in the plots treated with Road Pro and Road Oyl. Cadmium concentrations (Figure
4.30) in the runoff of the plots treated with Enviro-tac and Road Oyl were about two 
times greater than that found in the control (0.01 pg/L). Thallium concentrations 1,000 
times greater than that of the control (0.00008 pg/L) were found in the soil extract of the 
plots to which Topein, Road Pro, and Road Oyl have been applied (Figure 4.30).
Similar to what was found for the runoff samples, boron concentrations in the soil 
extract from the Dust Gard plot was the highest (904 pg/L) from all plots (Figure 4.31). 
The extract from all other plots had boron concentrations slightly higher or less than that 
of the control plot (107 pg/L). In the soil extract analysis, the control plot presented the 
highest aluminum concentration (1533 pg/L). It is interesting that the extract from Road
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Oyl and Coherex plots did not show high aluminum concentrations given the high 
concentrations found in the runoff of these plots (Figure 4.31). This may indicate that 
aluminum present in these suppressants was easily leached out with rainfall.
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Figure 4.30: Silver, cadmium, and thallium concentrations detected in the soil extract 
samples.
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Figure 4.31: Boron and aluminum concentrations detected in the soil extract samples.
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Only small amounts of chromium were found in the soil extracts (Figure 4.32). 
Plots treated with Plas-Bond, Enviro-tac, and Road Oyl showed chromium concentrations 
slightly higher than the control (0.43 pg/L). Lead concentrations in the soil extracts were 
about two times greater than that of the control (0.37 pg/L) for plots treated with Road 
Pro and Enviro-tac (Figure 4.32).
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Figure 4.32: Chromium and lead concentrations detected in the soil extract.
The level of arsenic in the soil extracts (Figure 4.33) was highest in the control 
plot (3.18 pg/L). The same was observed for the runoff analysis. Selenium 
concentrations in the soil extracts were 2-3 times of that of the control (0.04 pg/L) only 
for the plots treated with Dust Gard and Topein (Figure 4.33). The local Las Vegas soils 
are known to contain selenium and arsenic and these results reflect this fact.
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Figure 4.33: Arsenic and selenium concentrations detected in the soil extract.
Only the plots treated with EK-35, Enviro-tac, and Topein presented barium 
concentrations (Figure 4.34) almost twice of the control plot (88.75 pg/L). Iron 
concentrations (Figure 4.34) in the majority of the soil extracts were lower than the 
control (400 pg/L). The same was observed in the runoff analysis and may indicate that 
iron’s mobility is hindered by suppressants application.
Mercury concentrations 7-100 times greater than the control were detected in the 
soil extracts from the plots to which Enviro-tac, EK-35, and Soil Sement were applied 
(Figure 4.35). In the case of Soil Sement higher mercury concentrations were also found 
in the runoff samples.
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Figure 4.34: Barium and iron concentration detected in the soil extract.
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Figure 4.35: Mercury concentrations detected in the soil extract.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS 
The study presented here provides information for making a preliminary 
assessment of the water quality impacts from the application of dust suppressants to 
disturbed lands. In general, all dust suppressants investigated contributed constituents to 
the runoff quality to some degree. Tables 5.1 and 5.2 summarize the impacts for each 
product and following is a summary of the findings for the major categories of dust 
suppressants.
5.1 Petroleum-based
The runoff from the petroleum-based dust suppressant (Coherex) presents the 
highest number of parameters with concentrations above that of the control plot. The 
other petroleum-based dust suppressant (Road Pro) also presents a high number of 
parameters with concentrations greater than the control. Although both dust suppressants 
are petroleum-based, some differences are observed in the runoff water quality. While 
very high concentrations of sulfate and ammonia are observed in the runoff from the 
Coherex plot, only small concentrations of these components were observed in the runoff 
from the Road Pro plot. The runoff from the petroleum-based products also contained 
the greatest number of metals with concentrations above that of control. Application of 
these suppressants is likely to contribute metals, volatile and semi-volatile compounds.
82
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
83
sulfate, ammonia, nitrate, sulfide, coliform bacteria, hardness, TDS, and sulfide to runoff 
waters.
The soil extracts from the plots treated with these suppressants showed high 
nitrate, ammonia, organic content, metals, and TDS concentrations. Similar to what was 
observed in the runoff, the soil extracts of petroleum-based products have the largest 
number of contaminants with concentrations above that of the control. A comparison of 
the runoff and soil extracts results show a significant difference between Coherex and 
Road Pro. The number of contaminants with concentrations above the control plot was 
higher in the runoff of Coherex while the concentrations in the soil extract were higher 
for Road Pro. This implies that Coherex washed out more easily from the soil than Road 
Pro.
5.2 Acrylic Polymers and Iso-Alkane
A large number of parameters with concentrations greater than those of the 
control plot were also found for all acrylic-polymers and iso-alkane. The iso-alkane (EK- 
35) and the acrylic polymer (Enviro-Tac) showed higher concentrations of contaminants 
than Poly-bond and Soil Sement. The runoff of the plot treated with EK-35 also 
contained a higher number of metal contaminants than the acrylic polymers. Soil Sement 
is the acrylic polymer with the least number of contaminants, but lead and selenium were 
detected in the runoff of the plots treated with this dust suppressant. Acrylic polymers 
are likely to contribute volatile and semi-volatile organic compounds, organic carbon, 
TDS, alkalinity, hardness sulfate, metals, and nitrate to the runoff. Application of EK-35 
resulted in a two unit reduction in pH.
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The soil extract from the plots treated with these dust suppressants showed similar 
trends to those found for the runoff. The extracts from the EK-35 and Enviro-tac plots 
had higher concentrations of metals, alkalinity, organic content, and nitrate. Poly-bond 
and Soil Sement had smaller number of contaminants with high concentrations, as 
compared to Enviro-tac and EK-35.
5.3 Ligninsulfonate
The ligninsulfonate dust suppressants (Dustac and Topein) also present a high 
number of components with concentrations above those of the control, but the 
concentrations of most contaminants found are smaller than those present in the 
petroleum-based and some of the acrylic products. The runoff water quality for both is 
very similar, except that volatile and semi-volatile compounds were observed in Topein, 
but not in Dustac. A moderate number of metals were also found to be elevated 
compared to the control in the runoff of both suppressants. Use of these suppressants can 
potentially increase organic content, TDS, sulfate, nitrate, metals, and chloride to runoff 
waters.
The soil extract from Topein shows a large number of contaminants at high 
concentrations. The quality of the extract is comparable to those found for petroleum- 
based and tall oil products. While the runoff from both Dustac and Topein presented 
similar quality, the quality of the soil extract for Topein is poorer. It appears that the 
contaminants from Dustac are more easily leached out in rain water than those of Topein.
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5.4 Organic nonpetroleum-based (Tall Oil)
The organic nonpetroleum-based product (Road Oyl) had a moderate number of 
parameters with concentrations above that of the control plot. A high number of metals 
were detected in the runoff treated with this product. Application of tall oil is likely to 
contribute elevated concentrations of volatile organic compounds, organic carbon, TDS, 
hardness, sulfide, ammonia, and metals.
Contrary to the findings for the runoff, the soil extract of Road Oyl contains the 
highest number of contaminants with concentrations above that of the control. The 
quality of the soil extract of this plot is comparable to those to which petroleum-based 
products were applied. Thus, the contaminants from Road Oyl adsorb to the soil and are 
not easily leached by rainfall.
5.5 Fiber Mulch
The runoff from the plot treated with the fiber mulch (Plas-bond) presented a 
small number of components above that of the control. The major contributions of this 
suppressant to runoff are hardness, sulfate, organic carbon, TDS, and metals.
Interestingly, the number of contaminants with concentrations higher than the 
control, was very high for the soil extract of Plas-bond. Specifically, there were a high 
number of metals with high concentrations in the Plas-bond extract. These results imply 
that most contaminants present in Plas-bond are not easily leached out with rainfall, but 
remain in the soil.
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5.6 Magnesium Chloride
The magnesium chloride (Dust Gard) contributes the smallest number of 
contaminants to the runoff. Although boron concentration in this suppressant was 
especially high it contained the least amount of metals overall. The major contributions 
to runoff from the application of this suppressant are ions that will result in increased 
salinity and conductivity.
The soil extract from the magnesium chloride plot showed a relatively low 
number of contaminants at concentrations greater than the control. It showed the same 
high concentrations of boron and chloride found in the runoff analyses.
5.7 Final Observations
Although several compounds that affect water quality have been detected in the 
runoff of the plots to which dust suppressants were applied, this information alone should 
not be used to evaluate the impacts of dust suppressants to water quality. This 
information should be combined with dust suppressant “effectiveness”, frequency of 
application, and proximity to water bodies to make a thorough evaluation of the impacts. 
A dust suppressant that generates acceptable water quality in the runoff, but has to be 
reapplied frequently, could generate the same pollutant loading as a dust suppressant that 
is less frequently applied, but generates a runoff of poorer quality.
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Table 5.1: Summary of the contaminants present in the runoff as compared to the control plot. A “+” indicates concentrations greater 
than the control plot. A “++” indicates
C o m  p o u n d D u s t  G a r d  
M G
C o n t r o l Po l y  B o n d  
A P
D u s t a c
L I G
Soi l  S c m c n t  
A P
P ins  B ond  
F M
E K - 3 5
SI
E n v l r o t n c
A P
T o pe i n  
L I G
R o a d  P r o  
PB
R o a d  O y l  
O N
C o h e r e x
PB
Ni t r a t e - 1.60 - + + + - + + + + - -
P h o s p h a t e - 90 . 02 - - - - - - - -
Al ka l i n i t y - 4 2 . 00 + + - - + + + - + + +
H a r d ne s s + 4 0 . 00 + + + + + + + + + +
C y a n id e - 0 . 00 + + ++ - + + + + - - +
A m m o n i a - 0 .75 - - - - - - - - + + ++
Sul fa te + 9 . 0 0 + + + + + + - - - ++
Sul f ide - 0 . 04 - - - + + - - + + + ++
T D S - 2 72 . 50 - + - + + + + + + + +
T SS + + 5 7 5 7 . 5 0 - - - - - - - - - -
Sa l in i t y + 0.09 + + + + + + + + + - +
C o n d u c t iv i t y + 156.35 + + + + + + + + + - +
T O C + 4.48 + + + + + + + + + + ++
C O D - 7 .50 - + - - + + + + + + +
BO D - 0 . 00 + - + + + + + + + + ++
C h l o r i de ++ 3.74 + + + + + + + + + - +
T ur b i d i t y + 8 1 0 0 . 0 0 - - - - - - - - - -
Col i f orm - 5 56 .0 0 - - - - - - - - - ++
Vol a t i l e  O r g . - 13.90 - - - + + + + + + + +
N o n - V o l a t i l e - ND + + - - - + + + + - - +
Boron + + 8 9 . 18 4 - - - - + - - + - -
A l u m i n u m - 5 7 7 . 69 8 - - - - - - - - + + +
C h r o m i u m - 1.067 - + + - - + - - + - +
M a n g a n e s e - 13.219 - + - + + + - + + ++
Ni cke l - 0 .469 - + + + + - + + + + +
C o p p e r - 2 . 156 + + + + + + + + + + +
Z in c - 4.381 + + + + + - - - + + + +
A r s e n i c - 2 .067 - - - - - - - - - -
S e l en i um + 0 .125 + + + •f + + + + + + +
Si lver + 0.01 I + + + + - + - + + + +
C a d m i u m - 0 .034 - - - - - + - + + + +
Ba r i um + 20 . 24 9 + + + + + + + + + + +
T h a l l i u m + + 0 . 106 + - + + - + + 0 - + +
Le a d + 1.086 - + + + - - - + - + +
Iron - 0 . 40 0 - - - - - - - - + + + +
M e r c u r y - 2 3 . 00 0 - - + - - - 0 + + -
C o u n t 14 17 20 18 15 23 20 19 21 21 29
M G :  M a g n e s i urn C h l o r id e AP:  Acryl i c P o l y me r SI:  Syn t he t i c  I s o - a l kane O N :  O r g an i c n o n p e t r o l e u m
LIG:  L i g no n s u l f o na t e FM : F iber  M ulch PB:  Pe t r o l e u m- ba s ed
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Table 5.1: Summary of the contaminants present in the soil extract as compared to the control plot. A “+” indicates concentrations 
greater than the control plot. A “++” indicates the highest concentrations found. A refers to concentrations less than the control.
C o m po un d D ust G a r d C o n tro l Poly B ond Dustac Soil Sement P las  Bond EK-35 E nv iro tac T opein R oad  P ro R oad  O yl C o herex
M G AP L IG AP FM SI AP L IG PB O N PB
Nitrate - 0.75 + - + + ++ - 4-4- 4-4- 4- 4-
Phosphate - 82.86 - - - - - - - - - -
Alkalinity + 4 4 . 0 0 - - - - ++ ++ - 4- - -
Hardness + 40.00 + + - ++ + + 4- 4- 4- 4-
Cyanide - 0.00 - + ++ - + - - - 4-4- -
A m m onia - 0.26 - - - - - - - - 4- 4-4-
Sulfate + 16.50 + - - ++ - - 4- - - 4-
Sulfide - 0.04 - - - - - ++ - - - -
TDS + 117.50 + + + ++ + + 4- 4- 4- 4-
Salinity + 0.10 - - - ++ + - 4- 4- - -
Conductivit + 110.50 + - - ++ + - 4- 4- 4- 4-
TOC + 8.37 + + + + ++ - 4- 4- 4-4- 4-
COD - 18.70 + + - + ++ + + 4- 4- 4- 4-
Chloride ++ 2.41 + - + + + + 4- 4- 4- 4-
pH - 9.28 - - - - - - - - - -
Boron ++ 106.894 - - - + + - - 4- - -
Aluminum - 1533.112 - - - - - - - - - -
Chromium - 0.430 - - - ++ + + - 4- 4- 4-
Manganese - 13.088 - + - ++ - + 4- - - -
Nickel + 0.532 4- + + ++ + 4- 4- 4- 4- 4-
Copper - 4.577 - ++ + - - 4- 4- 4- 4- -
Zinc - 7.799 - + - + ++ + 4- 4- 4- 4-
Arsenic - 3.181 - - - - - - - - - -
Selenium + 0.037 - + + + + 4* 4-4- 4- 4- 4-
Silver - 0.029 - - - - - - - 4-4- 4- -
Cadmium - 0.013 - + - - - 4-4- 4- - 4-4- -
Barium + 88.753 - - + + + + 4-4- 4- 4- - -
Thallium + 0.000 + - + + + 4- 4- 4- 4- 4-
Lead - 0.375 - + - - - 4- - 4-4- 4- 4-4-
Iron - 0.400 - - - - - - - - - -
Mercury - 20.000 - + ++ + ++ 4-4- - - 4- -
Count 13 10 13 11 18 18 17 17 19 19 15
MG: Magnesium Chloride AP: Acrylic Polymer SI: Synthetic Iso-alkane ON: Organic nonpetroleum
LIG: Lignonsulfonate FM: Fiber Mulch PB: Petroleum-based
oooo
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5.8 Recommendations for Further Research
Based on the results of this research the following topics deserve further research:
1. Not all categories of dust suppressants were investigated in this research. 
Complementary studies could be performed applying other categories of dust 
suppressants.
2. The influence of soil types on the results obtained is not known. Different types of 
soils may interact differently with the suppressants and contribute to the retention or 
release of different amounts of contaminants to the environment. This effect could be 
evaluated by performing the experiments in locations with different soil types.
3. An important issue that was not covered in this research was the short and long-term 
toxicity of individual dust suppressants to biota.
4. Since dust suppressants are reapplied some of the contaminants may accumulate on 
the soil with time. An investigation of the cumulative effects of dust suppressant 
application is recommended.
5. The potential contaminants present in the dust suppressants could reach groundwater 
via direct infiltration in the application site or by infiltration of runoff carrying 
suppressant contaminants. The investigation of the impacts of dust suppressants on 
groundwater is recommended.
6. Resuspension of soil particles treated with suppressants may occur releasing 
contaminated particles to the environment. An air quality assessment may be 
conducted in order to evaluate the atmospheric migration of contaminants and their 
potential impacts on human health and on the environment.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
90
7. Studies can be developed on the fate of the potential suppressant contaminants on 
water bodies including their susceptibility to natural biodégradation and assimilation.
8. Evaluation of potential loads from surfaces treated with dust suppressants.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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AVERAGE COMPOSITION OF THE RAINFALL IN THE LAS VEGAS VALLEY
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Appendix A - Average Composition of the Rainfall in the Las Vegas Valley
Site Name: Red Rock Canyon 
Operating Agency: BLM
Program: National Atmospheric Deposition Program (NADP)
Latitude: 36:08:09 
Elevation: 1137 m 
Date range: 1995 to 2001
Longitude: 115:25:32
Site ID Year Ca
(mg/1)
Mg
(mg/1)
K
(mg/1)
Na
(mg/1)
NH4+
(mg/1)
NO3
(mg/1)
Cl
(mg/1)
804-2
(mg/1)
Date on Date off
NVOO 1995 0.31 0.043 0.016 0.075 0.200 1.150 0.100 0.590 01/03/95 01/09/96
NVOO 1996 1.11 0.093 0.036 0.113 0.160 1.200 0.120 0.500 01/09/96 12/31/96
NVOO 1997 0.62 0.049 0.027 0.071 0.290 1.270 0.120 0.740 12/31/96 12/30/97
NVOO 1998 0.59 0.080 0.022 0.083 0.300 1.780 0.150 0.790 12/30/97 12/29/98
NVOO 1999 0.44 0.052 0.008 0.052 0.330 1.410 0.110 0.630 12/29/98 12/28/99
NVOO 2000 0.48 0.044 0.013 0.059 0.26 1.14 0.09 0.46 12/28/99 01/02/01
NVOO 2001 0.66 0.068 0.042 0.113 0.69 2.15 0.16 1.01 01/02/01 01/01/02
Site ID Year Lab pH Field pH Lab Cond.
(jJiS/cm)
Field Cond. 
(pS/cm)
Cation/
anion
ratio
Sample 
vol. (ml)
Precip.
(cm)
Days Date on Date off
NVOO 1995 5.10 5.00 8.29 8.00 1.25 18612.9 28.34 371 01/03/95 01/09/96
NVOO 1996 5.40 5.57 10.39 4.10 2.45 4356.8 13.09 357 01/09/96 12/31/96
NVOO 1997 5.17 5.11 11.03 10.8 1.57 8475.0 14.21 364 12/31/96 12/30/97
NVOO 1998 5.35 5.33 10.03 11.2 1.24 14425.8 24.77 364 12/30/97 12/29/98
NVOO 1999 5.49 5.49 7.85 13.0 1.29 11693.3 16.92 364 12/29/98 12/28/99
NVOO 2000 5.44 5.33 9.36 7.8 1.60 6774.6 15.71 371 12/28/99 01/02/01
NVOO 2001 5.55 5.39 12.61 9.7 1.42 5874.5 20.21 364 01/02/01 01/01/02
<http://nadp.sws.uiuc.edu/nadpdata/siteinfo.asp?id=NVOO&net=NTN>
APPENDIX B
SUMMARY OF LABORATORY METHODS, PRESERVATION, 
AND HOLDING TIMES
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Parameter Container
*
Preservation Maximum storage 
recommended/ 
regulatory §
pH P,G Analyze immediately 2h/stat
COD P,G Analyze as soon as possible, or add 
H2SO4 to pH<2; refrigerate
7 days / 28 days
Conductivity P,G Refrigerate 28 days / 28 days
TOC G Analyze immediately or refrigerate 
and add H3PO4 or H2SO4 to pH<2
7days / 28days
Ammonia
Nitrogen
P,G Analyze as soon as possible or add 
H2SO4 to pH<2, refrigerate
7days / 28days
BOD P,G Refrigerate 6h/48h
Cyanide P,G Add NaOH to pH>12, 24 h/14 d
Chloride P,G None required 28 days
Nitrate P,G Analyze as soon as possible or 
refrigerate
48 hours/48 hours (28 
days for chlorinated 
samples)
Phosphate G (A) For dissolved phosphate filter 
immediately; refrigerate
48 hours / N.S.
Sulfate P,G Refrigerate 28 days / 28 days
Sulfide P,G Refrigerate; add 4 drops 2N zinc 
acetate/100 ml; add NaOH to pH>9
28 days / 7 days
Metals P(A) For dissolved metals filter 
immediately, add HNO3 to pH<2
6 months
Mercury G Bromine monochloride 28 days
TSS / TDS P,G Refrigerate 7 d / 2-7days
Alkalinity P,G Refrigerate 24h / 4 days
Salinity G, wax 
seal
Analyze immediately or use wax 
seal
6 months
Hardness P,G Add HNO3 to pH<2 6 months / 6 months
Turbidity P,G Analyze same day; store in dark up 
to 24 h, refrigerate
24h/48h
Pesticides G(S),
TFE-Iined
cap
Refrigerate; add lOOOmg ascorbic 
acid/L if residual chlorine present
7 days / 7 days until 
extraction
PCBs G(S),
TFE-lined
cap
Refrigerate: add lOOOmg ascorbic 
acid/L if residual chlorine present
7 d/7 d until extraction 
40 d after extraction
Volatile Organics Refrigerate Analyze immediately
Microbial Count Sterilized
bottles
Add 9.0mL sample to test tube 
containing l.OmL fixate
Refrigerate fixed 
samples at 4°C for 3 
weeks
*P=plastic (polyethylene or equivalent); G=glass; G(A) or P(A)=rinsed with 1+1 HN03§ Refrigerate= 
storage at 4°C, in the dark. Stat = no storage allowed, analyze immediately (Standard Methods, 1995).
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Table C l  - Nevada Water Quality Criteria for Toxic Materials (NAG 445A.144)
Chemical Mimic, or Dam. Supply ( fig/l) Aquatic life ( f.ig/1) Irrigation ( fig/l) Watering o f  Livestock ( ftg/l)
Antimony 146 - _
Arsenic (HI) - - - _
1-Hour Aver. - 342 - _
96-Hour Aver. _ 180
Beryllium 0 - 100
Hardness <75 mg/1 - - - _
Hardness >=75 mg/1 _
Cadmium 5 10 50
1-Hour Aver. - 0.85exp{1.1281n(H)-3.828} - -
96-Hour Aver. “ 0.85 exp{0.78521n(H)-3.490} - -
Chromium (VI) - - - -
1-Hour Aver. - 15 - -
96-Hour Aver. - 10
Copper - - 200 500
1-Hour Aver. - 0.85 exp(0.94221n(H)-1.464} - -
96-Hour Aver. - 0.85 exp{0.85451n(H)-1.465) - -
Æ W È w K
Fluoride - - 1,000 2,000
Lead 50 - 5,000 100
1-Hour Aver. - 0.50exp{1.2731n(H)-1.460} - -
96-Hour Aver. - 0.25 exp {1.2731n(H)-4.705} - - VO
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Table C.l - Nevada Water Quality Criteria for Toxic Materials (NAC 445A.144) (Continued)
3
CD
CD
o'
Chemical Munie, or Dom. Supply ( jug/l) Aquatic life( jug/l) Irrigationi ftg /l)
Mercury 2 -
1-Hour Aver. - 2 -
96-Hour Aver. 0.012
Nickel 13.4 - 200
1-Hour Aver. - 0.85 exp{0.84601n(H)+3.3612} -
96-Hour Aver. - 0.85 exp{0.84601n(H)+1.1645} -
Silver - 0.85exp{1.721n(H)-6.52) -
Thallium 13 - -
M R #
Acrolein 320 - -
Chlordane 0 2.4 -
24-Hour Aver. - 0.0043 -
DDT & Metabolites 0 1.1 -
24-Hour Aver. _ 0.001 _
Dieldrin 0 2.5 -
24-Hour Aver. _ 0.0019 -
Watering o f Livestock ( fig /l)
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Table C .l - Nevada Water Quality Criteria for Toxic Materials (NAC 445A.144) (Continued)
C hem ica l M unie, o r  D om . S u p p ly  ( f lg / l )
Endrin
24-Hour Aver.
Heptachlor
24-Hour Aver.
Malathion
0Mirex
Silvex (2,4,5-TP)
Benzene
neRa
m-dichlorobenzene
p-dichlorobenzene
m m
Nitrobenzene 19,800
1,1,1 -Tnchloroethane (TCA)
Chloroethylene (Vinyl Chloride)
Trichloroethylene (TCE)
pnêi2;KR.j;;SSî:=
A q u a tic  life  ( fJ.g/1)
0.18
0.0023
0.52
0.0038
0.001
Irriga tion  ( jug /l) W atering o f  L ive s to ck  ( f ig / l )
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Table C .l - Nevada Water Quality Criteria for Toxic Materials (NAC 445A. 144) (Continued)
C h em ica l
2,4-Dichlorophenol
Trihalomethanes (total)
Phenol
Dinitrophenols
Dibutyl Phthalate
Dimethyl Phthalate
Polychlorinated Biphenyls (PCBs) 
24-Hour Aver.
Dichloropropenes
M im ic, o r  D om . S u p p ly  ( f ig / l )  A q u a tic  life  ( f ig / l )
3,090
3,500
34,000
313,000
Irriga tion  ( f ig / l ) W atering o f  L ive s to ck  ( f ig / l )
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Table C.2 - EPA National Recommended Water Quality Criteria for Priority Pollutants (EPA, 1999)
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EPA
Priority Pollutant
Freshwater 
CMC(fig/I) CCC(ixg/l)
Saltwater 
CMC(|ig/l) CCC(|iig/l)
Antimony
l#»rv11iiimBerylliu
/\/T\Chromium (VI) 
Copper
Nickel
Silver
-T C D D  D iox in
»AtC'r\V I
Acrylonitrile
Bromoform
'uanifOT'Wé.-«rua-x w
Chloroethane
Human Health for Consumption of: 
Water+Org.(pg/l) Organ. Only(|xg/l)
150 . /
65 2.5
1,100 50
4.8 3.1
A,B Total Amm
1.30011
mm
69,000
1.30E-08
/I 1 -2<n
a a a m g K a B g
680 21,000
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Table C.2 - EPA National Recommended Water Quality Criteria for Priority Pollutants (EPA, 1999) (Continued)
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EPA
P rio r i ty  P o l lu ta n t
2-C h loroeth y lv in y l E ther
F resh w a te r  
C M C  (ug/1) C C C (u g /l)
gmoxoMiimi
D ich lorob rom om eth an e
1 ,2 -D ich loroeth an e
1 ,2 -D ich lorop rop an e
E thylbenzene
M eth yl C hloride
1 ,1 ,2 ,2 -T  etrachloroethane
i Ü s M a ê i ^ M e
T olu en e
ijjtxansB îcruoiiQeciiytene
1,1 ,1  -T  n ch loroeth an e
T rich loroethylene (T C E )
2 -C h lorop h en o l
2 ,4 -D im eth y lp h en o l
m a m # *
2 ,4 -D m itrop h en o l
S a ltw a te r  
C M C (iag/l) C C C (p g /l)
H um an H ea lth  f o r  C o n su m p tio n  of: 
W ater+O rg.(|j,g/l) O rgan. O nly(p,g/l)
0 .3 8  99
0 .5 2  39
3 ,1 0 0  2 9 ,0 0 0
6.800 20.000
120
5 4 0  2 ,3 0 0
70 14,000
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Table C.2 - EPA National Recommended Water Quality Criteria for Priority Pollutants (EPA, 1999) (Continued)
3.
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EPA
P r io r i ty  P o l lu ta n t
F resh w a ter
CMC (pg/1) CCC(pg/l)
S a ltw a te r  
CMC(pg/l) CCC(pg/l)
H um an H ea lth  f o r  C o n su m p tio n  of:  
Water+Org.(fig/l) Organ. Only(pg/l)
wmmmmimsm a m m m m g m m m m i 0.28 8.2
4-Nitrophenol
Pentachlorophenol
2,4,6-Trichlorophenol
Acenaphthylene
Benzidine 0.00012 0.00054
BenzoaPyrene 0.0044 0.049
BenzoghiPerylene
B is2-ChloroethoxyMethane
B is2-ChloroisopropylEther 1,400 170,000
4-Bromophenyl Phenyl Ether
I
2-C hIoronaphthaIene 1 ,700 4 ,3 0 0
Chrysene 0.0044 0 .0 4 9
1,2-Dichlorobenzene 2,700 17,000
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Table C.2 - EPA National Recommended Water Quality Criteria for Priority Pollutants (EPA, 1999) (Continued)
EPA
P rio r i ty  P o l lu ta n t
F resh w a ter  
CMC (pg/1) CCC(pg/l)
S a ltw a te r  
CMC(pg/l) CCC(pg/I)
H um an H ea lth  f o r  C o n su m p tio n  of: 
Water+Org.(|J.g/l) Organ. Only(pg/l)
1,4-Dichlorobenzene
S3! 2,600
Diethyl Phthalate 23,000 120,000
W Ë
12,000Di-n-Butyl Phthalate 2,700
2,6-Dinitrotoluene 
1,2-Diphenylhydrazine
H
Fluorene 1,300 14,000
Hexachlorobutadiene
riTi An ra  niATTA!^'faK%za
Hexachloroethane
Isophorone 
Nitrobenzene 1,900
N-N itrosodi-n-Propylamme 0.005
Phenanthrene
1,2,4-Trichlorobenzene
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Table C.2 - EPA National Recommended Water Quality Criteria for Priority Pollutants (EPA, 1999) (Continued)
EPA
Priority Pollutant
Freshwater 
CMC(ng/l) CCC(}tg/l)
alpha-BHC
gamma-BHC (Lindane)
Chlordane 2.4 0.0043
4,4-DDE
&rtïaœ.v®S«
Dieldrin 0.056
beta-Endosulfan 0.056
Endrin 0.086 0.036
Heptachlor 0.0038
# 0 0 3 8 #«wCtfpt 't’viX'',' * ♦ •
Polychlorinated Biphenyls (PCBs) 0.014
Saltwater 
CMC(}ig/l) CCC(jxg/l)
0.16
0.09 0.004
0.71 0.0019
0.034 0.0087
0.037 0.0023
0.053 0.0036
«  
0.03
Human Health for Consumption of: 
Water+Org.(|ig/l) Organ. Only(p,g/l)
0.0039 0.013
0.019 0.063
0.0021 0.0022
0.00059 0.00059
0.00014 0.00014
0.00021 0.00021
0.00017 0.00017
A - EPA has not calculated human health criterion for this contaminât. However, permit authorithies should address this contminat in NPDES permit 
actions using State’s xisting narrative criteria for toxics.
B - A more stringent MCL has been issued by EPA. Refer to drinking water regulations (40 CFR 141) or Safe Drinking Water Hotline (1-800-426-4791) 
for values.
CMC - Criteria Maximum Concentration 
CCC - Criteria Continuous Concentration
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Table C.3 - E P A  National  Recom mended  W ater  Quality Criteria for Non Priority Pollutants (EPA, 1999)
EPA
Non-Priority Pollutant
F r e s h w a te r  
CMC (ng/I) CCC(pg/l)
A lkalinity
Ammonia
20000
S a ltw a te r  
CM C(pg/I) CCC(pg/I)
H u m a n  H e a lth  f o r  C o n s u m p tio n  o f: 
W ater+Org.(pg/l) Organ. O nly(pg/l)
Freshwaster criteria are pH depent - Site dependent
Bacteria
B o ro n
Use dependent 
S ite  D e p e n d e n t
Chlorine
Chlorophenoxy Herbicide/2,4-D  
Chloropyrifos 0.083 0.041 0.011 0.0056
Demeton
Gases, Total D issolved Site Dependent 
Site DependentHardness
50 100M anganese
M ire x 0.001 0.001
Nitrosamines
Nitrosodibutylamine, N
Nitrcsopyrrolidine, N
0.0008 1.24
0.0064 0.587
0.016 91.9
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Table C.3 - EPA National Recommended Water Quality Criteria for Non Priority Pollutants (EPA, 1999) (Continued)
EPA
Non-Priority Pollutant
O xygen, D issolved 
Pentachlorobenzene 
Phosphorus Elem ental 
Solids D issolved and S alinity 
Sulfide-Hydrogen Sulfide
Temperature
Tributyltin TBT
Freshwater 
CMC (pg/1) CCC(pg/l)
Saltwater  
CM C (pg/l) CCC(pg/l)
Human Health f o r  Consumption of: 
W ater+Org.(|tg/l) Organ. OnIy(jxg/l)
Warm water and coldwater matrix - see document o
0.063 0.37
Site Dependent 
0.01
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Table C.4 - Quality Criteria for Designated Beneficial Uses - NAC 445A.119
Beneficial Uses
Parameter 
Temperature °C 
Dissolved Oxygen - mg/1 
Total Phosphates as P-mg/1
Nitrites as N - mg/1
Un-ionized Ammonia
as NH3 - mg/1
Color (PT-CO)
Fecal Coliform (MF/lOOml) 
Suspended Solids - mg/1
Agricultural Use
Irrigation W. Livestock
Aerobic
1.000 1,000
Aquatic Life 
^ o ld ^ a te r_ _ _ _ ^ _ ^ ^ y a n n W a te ^  
Propagation Put & Take Propagation Put & Take Mun. Dom. 
Supply
Water Cont 
Recreation
Water NonCont
Site Dependent
Aerobic Aerobic Aerobic
Site Dependent
0.02 Site Dependent
sitaan^ù îcnaneèfnômmatik#
25-80 25-80 25-80 25-80
w*s,*oi;«r.si!
200/400 1,000/2,000
0.5
total NH3-N
noivaiu
2,000
Ind. Supply
7f
Propagation
Wildlife
Aerobic
"O
CD
Table C.5 - Action Levels for Soils Contaminants - NAC 445A - 2272
CD
CD - If surface and ground water is the primary pathway of concern soil has to meet TCLP standards as per EPA Analytical Method 1311
- The concentration of petroleum substances should not exceed 100 mg/Kg as per EPA Analytical Method 8015
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Table C.6 - C om bined E P A  
R egu lation s for
Priority and N on-P riority  Pollutant for Freshw ater, N evada's B eneficia l U ses  and T o x ic  Su b stan ces  
Fresh W ater and S o ils  (E P A , 1999 - N A C 4 4 5 A . 1 1 9 /1 4 4 /2 2 7 2 )
N evada R egula tion N evada R egu la tion N evada  R egu la tion
C on tam inan t N A C 445A .2272 P riority  P o llu tan t N A C 4 4 5 A .I4 4 N on-P riority  po llu ta n ts N A C 4 4 5 A .I I 9
(T C LP T est) 
(mg/1)
F reshw ater 
( |ig /l)
A quatic  
Life (p g /l)
F reshw ater 
(Fg/1)
A quatic  life
A ldrin
A lum inum 87-750 
Use dependen tB acteria
(fecal co lifo rm  M F/lO Om ) 
B enzene
B m
Boron Site dependen t
C adm ium 2 .2 - 4 .3 pH dependen t
C h lo rd an e 0.0043 - 2 .4 0 .0043-2 .4
!^«230i000-8i60'!000p^
C hlo robenzene
WW59KW: «23f«UW«VVfi
C hrom ium pH dependen t1 1 - 5 7 0
C opper pH dependen t
2 ,4-D
4,4 -D D T 0 . 001 - 1.1
D ib rom och lo rom ethane
1,2 -D ich lo ro e th an e
pmejoyiiiSiSgs
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T a b le  C .6  - C om bined E P A  
Regulations for
Priority and N on-P riority  Pollutant for Freshw ater, N evada's B eneficia l U ses and T o x ic  Su b stan ces  
Fresh W ater and S o ils  (E P A , 1999 - N A C 4 4 5 A .1 1 9 /1 4 4 /2 2 7 2 ) (C ontinued)
C o n tam inan t
2 ,4 -D in itro to lu cne
alfa-E ndosu lfan
E ndosu lfan  I
G uth ion
H ep tach lo r (and  epox ide) 
H exach lo robu tad iene
2-H exanone
l’iimHWm
Lead
M alath ion
M ercury
M irex
N itra tes
m #
O il an d  G rease
Pen tach lo ropheno l
NCs-wrwriTOif
N evada  R egu la tion
N A C 445A .2272
(T C L P T est) 
(mg/1)
0.13
0.008
EPA
P riority  P o llu tan t
Freshw ater
(lig /l)
» 0 ;0 5 6 ïQ )2 4 *
w m m m r n i
0 .056-0 .22  
0 .0038-0 .52
2.5 - 65
0.77 - 1.4
N evada  R egu la tion
N A C 445A .144
A quatic  
L ife ( |ig /l)
SaSi'S fipsB SS 
bVoi
0.0038 - 0 .5 2
m m # # # :
pH dependen t 
0.1
0 .012 - 2.0
0.001
iVst̂ s;g?< 
pH  dependen t
EPA N evada  R egu la tion
N on-P riority  p o llu ta n ts________ N A C  4 4 5 A .1 19
Freshw ater
(Mg/')
A quatic  life
S u e  dependen t
S ite dependen t
«BËRiAmGSBNNMBi
S
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Table C.6 - C om bined  E P A  Priority and N on-P riority  Pollutant for Freshw ater, N evada's B eneficia l U ses and T o x ic  S u b stan ces  
R egu la tion s for Fresh  W ater and S o ils  (E P A , 1999 - N A C 4 4 5 A .i l9 /1 4 4 /2 2 7 2 )  (C ontinued)
N eva d a  R egu la tion
C o n ta m in a n t N A C 445A .2272
(TCLP Test) 
(mg/1)
w m m m m
0 . 1 8 - 5
n-Propylbenzene
Selenium
Thallium
Toxaphene 
2,4,5- Trichlorophenol
1.2.4-Trimethylbenzene
2.4.5-TP (Silvex)
Z6nc%
Vinyl chloride 
m,p-Xylene
EPA
P riority  P o llu ta n t
Freshwater
(Mg/1)
0.0002 - 0.73
N evada  R egu la tion
N A C 4 4 5 A .I4 4
Aquatic 
Life (pg/1)
5.0-20.0 
0.0002-0.73
EPA
N on-P riority  p o llu ta n ts
Freshwater
(Mg/I)
S i l i i i l i i a
N eva d a  R eg u la tio n
N A C 4 4 5 A .I1 9
Aquatic life
KSffiTiSSMS®
*  . Less than 25% change from natural conditions
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METHOD 1312
SYNTHETIC PRECIPITATION LEACHING PROCEDURE
1 . 0  SCOPE AND APPLICATION
1. 1 Method 1312 i s  d e s i g n e d  t o  de t er mi ne  t he  m o b i l i t y  o f  both o r g a n i c  
and i n o r g a n i c  a n a l y t e s  p r e s e n t  in l i q u i d s ,  s o i l s ,  and w a s t e s .
2 . 0  SUMMARY OF METHOD
2. 1  For l i q u i d  sampl es  ( i . e . . t h o s e  c o n t a i n i n g  l e s s  than 0 . 5  % dry
s o l i d  m a t e r i a l ) ,  t h e  sample,  a f t e r  f i l t r a t i o n  t hrough a 0 . 6  t o  0 . 8  pm g l a s s  f i b e r  
f i l t e r ,  i s  d e f i n e d  as t he  1312 e x t r a c t .
2 . 2  For samples  c o n t a i n i n g  g r e a t e r  than 0 . 5  % s o l i d s ,  t h e  l i q u i d  phase ,
i f  any ,  i s  s e pa r a t e d  from t h e  s o l i d  phase and s t o r e d  f o r  l a t e r  a n a l y s i s ;  t h e  
p a r t i c l e  s i z e  o f  t he  s o l i d  phase i s  reduced,  i f  n e c e s s a r y .  The s o l i d  phas e  i s  
e x t r a c t e d  wi th an amount o f  e x t r a c t i o n  f l u i d  equal  t o  20 t i me s  t he  wei ght  o f  t he
s o l i d  phase .  The e x t r a c t i o n  f l u i d  employed i s  a f u n c t i o n  o f  t h e  r e g i on  o f  t he
count r y  where the  sample s i t e  i s  l o c a t e d  i f  t he  sample i s  a s o i l .  I f  t he  sample
i s  a wa s t e  or was t e wat e r ,  t h e  e x t r a c t i o n  f l u i d  employed i s  a pH 4 . 2  s o l u t i o n .  
A s p e c i a l  e x t r a c t o r  v e s s e l  i s  used when t e s t i n g  f o r  v o l a t i l e  a n a l y t e s  ( s e e  Tabl e  
1 f o r  a l i s t  o f  v o l a t i l e  compounds) .  Fo l l owi ng  e x t r a c t i o n ,  t h e  l i q u i d  e x t r a c t  
i s  s e p a r a t e d  from t he  s o l i d  phase by f i l t r a t i o n  through a 0 . 6  t o  0 . 8  pm g l a s s  
f i b e r  f i l t e r .
2 . 3  I f  compat i bl e  ( i . e . . m u l t i p l e  phases  w i l l  not  form on c ombi nat i on) ,  
t he  i n i t i a l  l i q u i d  phase o f  t h e  was t e  i s  added t o  t he  l i q u i d  e x t r a c t ,  and t h e s e  
are  anal yzed t o g e t h e r .  I f  i n c o mp a t i b l e ,  the l i q u i d s  are ana l yze d  s e p a r a t e l y  and 
t h e  r e s u l t s  are  mat h e ma t i c a l l y  combined t o  y i e l d  a vo l ume - we i ght e d  aver age  
c o n c e n t r a t i o n .
3 . 0  INTERFERENCES
3. 1  Po t e n t i a l  i n t e r f e r e n c e s  t ha t  may be encountered dur i ng a n a l y s i s  are  
d i s c u s s e d  in t he  i n d i v i d u a l  a n a l y t i c a l  methods.
4 . 0  APPARATUS AND MATERIALS
4 . 1  A g i t a t i o n  apparatus  : The a g i t a t i o n  apparatus  must be c a p a b l e  o f  
r o t a t i n g  t he  e x t r a c t i o n  v e s s e l  in an e nd- ove r - e nd  f a s h i o n  ( s e e  Fi gure  1)  a t  30 
±  2 rpm. S u i t a b l e  d e v i c e s  known t o  EPA are i d e n t i f i e d  in Tabl e  2 .
4 . 2  Ex t r a c t i o n  V e s s e l s
4 . 2 . 1  Zero Headspace Ext ract i on Vessel  (ZHE). This  de v i c e  i s  f or  
use  on l y  when t he  sampl e i s  be i ng  t e s t e d  f or  t he  m o b i l i t y  o f  v o l a t i l e  
a n a l y t e s  ( i . e . . t h o s e  l i s t e d  in Table 1 ) .  The ZHE ( d e p i c t e d  in Fi gure  2)  
a l l o ws  f o r  l i q u i d / s o l i d  s e p a r a t i o n  w i t h i n  t he  d e v i c e  and e f f e c t i v e l y  
prec l ude s  headspace .  Thi s  t y p e  o f  v e s s e l  a l l ows  f o r  i n i t i a l  l i q u i d / s o l i d
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s e p a r a t i o n ,  e x t r a c t i o n ,  and f i n a l  e x t r a c t  f i l t r a t i o n  w i t h o u t  o p e n i n g  t h e  
v e s s e l  ( s e e  S t e p  4 . 3 . 1 ) .  Th e s e  v e s s e l s  s h a l l  have  an i n t e r n a l  vo l ume o f  
5 0 0 - 5 0 0  mL and be e q u i p p e d  t o  accommodate a 9 0 - 1 1 0  mm f i l t e r .  The d e v i c e s  
c o n t a i n  VIT0N“  0 - r i n g s  whi ch s h o u l d  be r e p l a c e d  f r e q u e n t l y .  S u i t a b l e  ZHE 
d e v i c e s  known t o  EPA a r e  i d e n t i f i e d  i n  T a b l e  3 .
For t h e  ZHE t o  be a c c e p t a b l e  f o r  u s e ,  t h e  p i s t o n  w i t h i n  t h e  ZHE 
s h o u l d  be a b l e  t o  be  moved w i t h  a p p r o x i m a t e l y  15 p s i g  or  l e s s .  I f  i t  
t a k e s  more p r e s s u r e  t o  move t h e  p i s t o n ,  t h e  0 - r i n g s  i n  t h e  d e v i c e  s h o u l d  
be r e p l a c e d .  I f  t h i s  d o e s  n o t  s o l v e  t h e  p r ob l e m,  t h e  ZHE i s  u n a c c e p t a b l e  
f o r  1312  a n a l y s e s  and t h e  m a n u f a c t u r e r  s h o u l d  be c o n t a c t e d .
The ZHE s h o u l d  be c h e c ke d  f o r  l e a k s  a f t e r  e v e r y  e x t r a c t i o n .  I f  t h e  
d e v i c e  c o n t a i n s  a b u i l t - i n  p r e s s u r e  g a u g e ,  p r e s s u r i z e  t h e  d e v i c e  t o  50  
p s i g ,  a l l o w  i t  t o  s t a n d  u n a t t e n d e d  f o r  1 h o u r ,  and r e c h e c k  t h e  p r e s s u r e .  
I f  t h e  d e v i c e  d o e s  n o t  have  a b u i l t - i n  p r e s s u r e  g a u g e ,  p r e s s u r i z e  t h e  
d e v i c e  t o  50 p s i g ,  submerge  i t  i n  w a t e r ,  and c h e c k  f o r  t h e  p r e s e n c e  o f  a i r  
b u b b l e s  e s c a p i n g  from any o f  t h e  f i t t i n g s .  I f  p r e s s u r e  i s  l o s t ,  c h e c k  a l l  
f i t t i n g s  and i n s p e c t  and r e p l a c e  0 - r i n g s ,  i f  n e c e s s a r y .  R e t e s t  t h e  
d e v i c e .  I f  l e a k a g e  pr ob l e ms  c a n n o t  be s o l v e d ,  t h e  m a n u f a c t u r e r  s h o u l d  be  
c o n t a c t e d .
Some ZHEs us e  g a s  p r e s s u r e  t o  a c t u a t e  t h e  ZHE p i s t o n ,  w h i l e  o t h e r s  
u s e  m e c h a n i c a l  p r e s s u r e  ( s e e  T a b l e  3 ) .  Whereas  t h e  v o l a t i l e s  p r o c e d u r e  
( s e e  S t e p  7 . 3 )  r e f e r s  t o  p o u n d s - p e r - s q u a r e - i n c h  ( p s i g ) ,  f o r  t h e  
m e c h a n i c a l l y  a c t u a t e d  p i s t o n ,  t h e  p r e s s u r e  a p p l i e d  i s  meas ure d  i n  t o r q u e -  
i n c h - p o u n d s .  Re f e r  t o  t h e  m a n u f a c t u r e r ' s  i n s t r u c t i o n s  as  t o  t h e  p r o p e r  
c o n v e r s i o n .
4 . 2 . 2  B o t t l e  E x t r a c t i o n  V e s s e l .  When t h e  s ampl e  i s  b e i n g  
e v a l u a t e d  u s i n g  t h e  n o n v o l a t i l e  e x t r a c t i o n ,  a j a r  wi t h  s u f f i c i e n t  c a p a c i t y  
t o  h o l d  t h e  s ampl e  and t h e  e x t r a c t i o n  f l u i d  i s  n e e d e d .  He ads pace  i s  
a l l o w e d  i n  t h i s  v e s s e l .
The e x t r a c t i o n  b o t t l e s  may be c o n s t r u c t e d  f rom v a r i o u s  m a t e r i a l s ,  
d e p e n d i n g  on t h e  a n a l y t e s  t o  be a n a l y z e d  and t h e  n a t u r e  o f  t h e  w a s t e  ( s e e  
S t e p  4 . 3 . 3 ) .  I t  i s  recommended t h a t  b o r o s i l i c a t e  g l a s s  b o t t l e s  be us e d  
i n s t e a d  o f  o t h e r  t y p e s  o f  g l a s s ,  e s p e c i a l l y  when i n o r g a n i c s  a r e  o f  
c o n c e r n .  P l a s t i c  b o t t l e s ,  o t h e r  t h a n  p o l y t e t r a f l u o r o e t h y l e n e ,  s h a l l  n o t  
be used i f  o r g a n i c s  a r e  t o  be i n v e s t i g a t e d .  B o t t l e s  a r e  a v a i l a b l e  f rom a 
number o f  l a b o r a t o r y  s u p p l i e r s .  When t h i s  t y p e  o f  e x t r a c t i o n  v e s s e l  i s  
u s e d ,  t h e  f i l t r a t i o n  d e v i c e  d i s c u s s e d  i n  S t e p  4 . 3 . 2  i s  us e d  f o r  i n i t i a l  
l i q u i d / s o l i d  s e p a r a t i o n  and f i n a l  e x t r a c t  f i l t r a t i o n .
4 . 3  F i l t r a t i o n  D e v i c e s :  I t  i s  recommended t h a t  a l l  f i l t r a t i o n s  be
p e r f o r me d  i n  a hood.
4 . 3 . 1  Z e r o - H e a d s p a c e  E x t r a c t i o n  V e s s e l  (ZHE): When t h e  s a mp l e
i s  e v a l u a t e d  f o r  v o l a t i l e s ,  t h e  z e r o - h e a d s p a c e  e x t r a c t i o n  v e s s e l  d e s c r i b e d
^VITON® i s  a t r a d e ma r k  o f  Du Pont .
CD-ROM 1312 - 2 R e v i s i o n  0
Se pt e mbe r  1994
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
114
i n  S t e p  4 . 2 . 1  i s  used  f o r  f i l t r a t i o n .  The d e v i c e  s h a l l  be c a p a b l e  o f  
s u p p o r t i n g  and k e e p i n g  i n  p l a c e  t h e  g l a s s  f i b e r  f i l t e r  and be a b l e  t o  
w i t h s t a n d  t h e  p r e s s u r e  n e e d e d  t o  a c c o m p l i s h  s e p a r a t i o n  ( 5 0  p s i g ) .
NOTE: When i t  i s  s u s p e c t e d  t h a t  t h e  g l a s s  f i b e r  f i l t e r  has  been  
r u p t u r e d ,  an i n - l i n e  g l a s s  f i b e r  f i l t e r  may be used t o  f i l t e r  t h e  
m a t e r i a l  w i t h i n  t h e  ZHE.
4 . 3 . 2  F i l t e r  Hol der :  When t h e  sampl e  i s  e v a l u a t e d  f o r  o t h e r  t han
v o l a t i l e  a n a l y t e s ,  a f i l t e r  h o l d e r  c a p a b l e  o f  s u p p o r t i n g  a g l a s s  f i b e r  
f i l t e r  and a b l e  t o  w i t h s t a n d  t h e  p r e s s u r e  needed t o  a c c o m p l i s h  s e p a r a t i o n  
may be u s e d .  S u i t a b l e  f i l t e r  h o l d e r s  r a n g e  f rom s i m p l e  vacuum u n i t s  t o  
r e l a t i v e l y  compl ex  s y s t e m s  c a p a b l e  o f  e x e r t i n g  p r e s s u r e s  o f  up t o  50 p s i g  
o r  more.  The t y p e  o f  f i l t e r  h o l d e r  us e d  depends  on t h e  p r o p e r t i e s  o f  t h e  
m a t e r i a l  t o  be f i l t e r e d  ( s e e  S t e p  4 . 3 . 3 ) .  T h e s e  d e v i c e s  s h a l l  have  a 
minimum i n t e r n a l  volume o f  300 mL and be  e q u i pp e d  t o  accommodate a minimum 
f i l t e r  s i z e  o f  47 mm ( f i l t e r  h o l d e r s  h a v i n g  an i n t e r n a l  c a p a c i t y  o f  1 . 5  L 
o r  g r e a t e r ,  and e q u i p p e d  t o  accommodate  a 142 mm d i a m e t e r  f i l t e r ,  ar e  
r e c o mme n de d) .  Vacuum f i l t r a t i o n  can o n l y  be u s e d  f o r  w a s t e s  w i t h  low 
s o l i d s  c o n t e n t  ( <10 %) and f o r  h i g h l y  g r a n u l a r ,  l i q u i d - c o n t a i n i n g  w a s t e s .  
A l l  o t h e r  t y p e s  o f  w a s t e s  s h o u l d  be  f i l t e r e d  u s i n g  p o s i t i v e  p r e s s u r e  
f i l t r a t i o n .  S u i t a b l e  f i l t e r  h o l d e r s  known t o  EPA a r e  l i s t e d  i n  T a b l e  4.
4 . 3 . 3  M a t e r i a l s  o f  C o n s t r u c t i o n :  E x t r a c t i o n  v e s s e l s  and
f i l t r a t i o n  d e v i c e s  s h a l l  be made o f  i n e r t  m a t e r i a l s  whi ch w i l l  not  l e a c h  
o r  a b s o r b  s a mp l e  c o mp o ne nt s  o f  i n t e r e s t .  G l a s s ,  p o l y t e t r a f l u o r o e t h y l e n e  
(PTFE) ,  or  t y p e  316  s t a i n l e s s  s t e e l  equ i pme nt  may be us e d  when e v a l u a t i n g  
t h e  m o b i l i t y  o f  bot h  o r g a n i c  and i n o r g a n i c  c o mp o n e n t s .  D e v i c e s  made o f  
h i g h - d e n s i t y  p o l y e t h y l e n e  (HOPE),  p o l y p r o p y l e n e  ( P P ) ,  o r  p o l y v i n y l
c h l o r i d e  (PVC) may be u s e d  o n l y  when e v a l u a t i n g  t h e  m o b i l i t y  o f  m e t a l s .
B o r o s i l i c a t e  g l a s s  b o t t l e s  a r e  recommended f o r  u s e  o v e r  o t h e r  t y p e s  o f
g l a s s  b o t t l e s ,  e s p e c i a l l y  when i n o r g a n i c s  a r e  a n a l y t e s  o f  c o n c e r n .
4 . 4  F i l t e r s :  F i l t e r s  s h a l l  be made o f  b o r o s i l i c a t e  g l a s s  f i b e r ,  s h a l l
c o n t a i n  no b i n d e r  m a t e r i a l s ,  and s h a l l  ha v e  an e f f e c t i v e  p o r e  s i z e  o f  0 . 6  t o  
O.B-yim . F i l t e r s  known t o  EPA whi c h  meet  t h e s e  s p e c i f i c a t i o n s  a r e  i d e n t i f i e d  i n  
T a b l e  5 .  P r e - f i l t e r s  must  not  be u s e d .  When e v a l u a t i n g  t h e  m o b i l i t y  o f  m e t a l s ,  
f i l t e r s  s h a l l  be a c i d - w a s h e d  p r i o r  t o  use  by r i n s i n g  w i t h  IN n i t r i c  a c i d  f o l l o w e d
by t h r e e  c o n s e c u t i v e  r i n s e s  w i t h  r e a g e n t  w a t e r  (a minimum o f  1 - L p e r  r i n s e  i s
recommended) .  Gl a s s  f i b e r  f i l t e r s  ar e  f r a g i l e  and s h o u l d  be h a n d l e d  w i t h  c a r e .
4 . 5  pH M e t e r s :  The me t e r  s h o u l d  be  a c c u r a t e  t o  ±  0 . 0 5  u n i t s  a t  25°C.
4 . 6  ZHE E x t r a c t  C o l l e c t i o n  D e v i c e s :  TEDLAR* b a g s  or  g l a s s ,  s t a i n l e s s
s t e e l  or  PTFE g a s - t i g h t  s y r i n g e s  a r e  used t o  c o l l e c t  t h e  i n i t i a l  l i q u i d  phas e  and 
t h e  f i n a l  e x t r a c t  when u s i n g  t h e  ZHE d e v i c e .  T h e s e  d e v i c e s  l i s t e d  are
recommended f o r  u s e  under  t h e  f o l l o w i n g  c o n d i t i o n s :
^TEDLAR* i s  a r e g i s t e r e d  t r a d e m a r k  o f  Du Pont .
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4 . 6 . 1  I f  a w a s t e  c o n t a i n s  an aque ous  l i q u i d  phas e  or  i f  a w a s t e  
d o e s  n o t  c o n t a i n  a s i g n i f i c a n t  amount o f  nonaqueous  l i q u i d  ( i . e . . <1 % o f  
t o t a l  w a s t e ) ,  t h e  TEDLAR* bag or a 600 mL s y r i n g e  s h o u l d  be used t o  c o l l e c t  
and combi ne  t h e  i n i t i a l  l i q u i d  and s o l i d  e x t r a c t .
4 . 6 . 2  I f  a w a s t e  c o n t a i n s  a s i g n i f i c a n t  amount o f  nonaqueous  
l i q u i d  in t h e  i n i t i a l  l i q u i d  phas e  ( i . e . . >1 % o f  t o t a l  w a s t e ) ,  t h e  
s y r i n g e  or  t h e  TEDLAR* bag may be used f o r  b o t h  t h e  i n i t i a l  s o l i d / l i q u i d  
s e p a r a t i o n  and t h e  f i n a l  e x t r a c t  f i l t r a t i o n .  However,  a n a l y s t s  s h ou l d  u s e  
one  o r  t h e  o t h e r ,  n o t  b o t h .
4 . 6 . 3  I f  t h e  w a s t e  c o n t a i n s  no i n i t i a l  l i q u i d  p ha s e  ( i s  100  % 
s o l i d )  or has no s i g n i f i c a n t  s o l i d  p h a s e  ( i s  <0.5% s o l i d )  , e i t h e r  t h e  
TEDLAR* bag o r  t h e  s y r i n g e  may be u s e d .  I f  t h e  s y r i n g e  i s  u s e d ,  d i s c a r d  
t h e  f i r s t  5 mL o f  l i q u i d  e x p r e s s e d  f rom t h e  d e v i c e .  The r e ma i n i n g  
a l i q u o t s  a r e  u s e d  f o r  a n a l y s i s .
4 . 7  ZHE E x t r a c t i o n  F l u i d  T r a n s f e r  D e v i c e s :  Any d e v i c e  c a p a b l e  o f  
t r a n s f e r r i n g  t h e  e x t r a c t i o n  f l u i d  i n t o  t h e  ZHE w i t h o u t  c h a n g i ng  t h e  n a t u r e  o f  t h e  
e x t r a c t i o n  f l u i d  i s  a c c e p t a b l e  ( e . g . . a p o s i t i v e  d i s p l a c e m e n t  or  p e r i s t a l t i c  
pump,  a g a s - t i g h t  s y r i n g e ,  p r e s s u r e  f i l t r a t i o n  u n i t  ( s e e  S t e p  4 . 3 . 2 ) ,  or  o t h e r  
ZHE d e v i c e ) .
4 . 8  L a b o r a t o r y  B a l a n c e :  Any l a b o r a t o r y  b a l a n c e  a c c u r a t e  t o  w i t h i n  ±
0 . 0 1  grams may be used ( a l l  w e i g h t  meas ure me nt s  a r e  t o  be w i t h i n  ±  0 . 1  gr a ms ) .
4 . 9  Beaker  or  E r l e n m e y e r  f l a s k ,  g l a s s ,  500  mL.
4 . 1 0  W a t c h g l a s s ,  a p p r o p r i a t e  d i a m e t e r  t o  c o v e r  be ake r  or  Er l enmeyer
f 1 a s k .
4 . 1 1  Ma g n e t i c  s t i r r e r .
5 . 0  REAGENTS
5 . 1  Reage nt  g r a d e  c h e m i c a l s  s h a l l  be us ed  i n  a l l  t e s t s .  U n l e s s
o t h e r w i s e  i n d i c a t e d ,  i t  i s  i n t e n d e d  t h a t  a l l  r e a g e n t s  s h a l l  c o n f o r m t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Commi t t e e  on A n a l y t i c a l  Re a g e n t s  o f  t h e  Ameri can Chemi cal  
S o c i e t y ,  where  such  s p e c i f i c a t i o n s  a r e  a v a i l a b l e .  Ot he r  g r a d e s  may be u s e d ,  
p r o v i d e d  i t  i s  f i r s t  a s c e r t a i n e d  t h a t  t h e  r e a g e n t  i s  o f  s u f f i c i e n t l y  high p u r i t y  
t o  p e r m i t  i t s  use  w i t h o u t  l e s s e n i n g  t h e  a c c u r a c y  o f  t h e  d e t e r m i n a t i o n .
5 . 2  Reage nt  Wa t e r .  Re age nt  wat e r  i s  d e f i n e d  as  wat e r  i n  whi ch an
i n t e r f é r a n t  i s  not  o b s e r v e d  a t  o r  above  t h e  m e t h o d ' s  d e t e c t i o n  l i m i t  o f  t h e  
a n a l y t e ( s )  o f  i n t e r e s t .  For n o n v o l a t i l e  e x t r a c t i o n s ,  ASTM Type II wa t e r  or  
e q u i v a l e n t  mee t s  t h e  d e f i n i t i o n  o f  r e a g e n t  w a t e r .  For v o l a t i l e  e x t r a c t i o n s ,  i t  
i s  recommended t h a t  r e a g e n t  w a t e r  be g e n e r a t e d  by any o f  t h e  f o l l o w i n g  me t hods .  
R e a g e n t  wa t e r  s h o u l d  be  m o n i t o r e d  p e r i o d i c a l l y  f o r  i m p u r i t i e s .
5 . 2 . 1  R e a g e n t  w a t e r  f o r  v o l a t i l e  e x t r a c t i o n s  may be g e n e r a t e d  
by p a s s i n g  t a p  w a t e r  t h r o u g h  a carbon f i l t e r  bed c o n t a i n i n g  about  500  
grams o f  a c t i v a t e d  c a r b o n  ( Ca l g o n  Co r p . ,  F i l t r a s o r b - 3 0 0  or e q u i v a l e n t ) .
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5 . 2 . 2  A w a t e r  p u r i f i c a t i o n  s y s t e m  ( M i l l i p o r e  Super-Q or  
e q u i v a l e n t )  may a l s o  be used t o  g e n e r a t e  r e a g e n t  w a t e r  f o r  v o l a t i l e  
e x t r a c t i  o n s .
5 . 2 . 3  Reagent  wat e r  f o r  v o l a t i l e  e x t r a c t i o n s  may a l s o  be prepared  
by b o i l i n g  wa t e r  f o r  15 m i n u t e s .  S u b s e q u e n t l y ,  w h i l e  m a i n t a i n i n g  t h e  
w a t e r  t e m p e r a t u r e  a t  90 ±  5 d e g r e e s  C, b ub bl e  a c o n t a m i n a n t - f r e e  i n e r t  ga s  
( e . g . n i t r o g e n )  t h r o u g h  t h e  w a t e r  f o r  1 h our .  Wh i l e  s t i l l  h o t ,  t r a n s f e r  
t h e  w a t e r  t o  a narrow mouth s c r e w - c a p  b o t t l e  under  z e r o - h e a d s p a c e  and s e a l  
w i t h  a T e f l o n - l i n e d  se pt um and c a p .
5 . 3  S u l f u r i c  a c i d / n i t r i c  a c i d  ( 6 0 / 4 0  w e i g h t  p e r c e n t  m i x t u r e )  HgSOi/HNOa. 
C a u t i o u s l y  mi x  60 g o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  w i t h  40 g o f  c o n c e n t r a t e d  
n i t r i c  a c i d .  I f  p r e f e r r e d ,  a more d i l u t e  HgSOXHNOa a c i d  m i x t u r e  may be pr e p a r e d  
and used i n  s t e p s  5 . 4 . 1  and 5 . 4 . 2  maki ng i t  e a s i e r  t o  a d j u s t  t h e  pH o f  t h e  
e x t r a c t i o n  f l u i d s .
5 . 4  E x t r a c t i o n  f l u i d s .
5 . 4 . 1  E x t r a c t i o n  f l u i d  #1 :  T h i s  f l u i d  i s  made by a d d i n g  t h e
6 0 / 4 0  w e i g h t  p e r c e n t  m i x t u r e  o f  s u l f u r i c  and n i t r i c  a c i d s  ( o r  a s u i t a b l e
d i l u t i o n )  t o  r e a g e n t  wa t e r  ( S t e p  5 . 2 )  u n t i l  t h e  pH i s  4 . 2 0  ±  0 . 0 5 .  The
f l u i d  i s  u s e d  t o  d e t e r m i n e  t h e  l e a c h a b i l i t y  o f  s o i l  f rom a s i t e  t h a t  i s  
e a s t  o f  t h e  M i s s i s s i p p i  R i v e r ,  and t h e  l e a c h a b i l i t y  o f  w a s t e s  and 
w a s t e w a t e r s .
NOTE: S o l u t i o n s  ar e  u n b u f f e r e d  and e x a c t  pH may no t  be a t t a i n e d .
5 . 4 . 2  E x t r a c t i o n  f l u i d  #2 :  Th i s  f l u i d  i s  made by a d d i n g  t h e
6 0 / 4 0  w e i g h t  p e r c e n t  mi x t u r e  o f  s u l f u r i c  and n i t r i c  a c i d s  ( o r  a s u i t a b l e  
d i l u t i o n )  t o  r e a g e n t  w a t e r  ( S t e p  5 . 2 )  u n t i l  t h e  pH i s  5 . 0 0  ±  0 . 0 5 .  The
f l u i d  i s  u s e d  t o  d e t e r m i n e  t h e  l e a c h a b i l i t y  o f  s o i l  f rom a s i t e  t h a t  i s
w e s t  o f  t h e  M i s s i s s i p p i  R i v e r .
5 . 4 . 3  E x t r a c t i o n  f l u i d  # 3 :  Th i s  f l u i d  i s  r e a g e n t  wa t e r  ( S t e p
5 . 2 )  and i s  us e d  t o  d e t e r m i n e  c y a n i d e  and v o l a t i l e s  l e a c h a b i l i t y .
NOTE: Th e s e  e x t r a c t i o n  f l u i d s  s h o u l d  be  m o n i t o r e d  f r e q u e n t l y  f o r
i m p u r i t i e s .  The pH s h o u l d  be c h e c k e d  p r i o r  t o  u s e  t o  e n s u r e  t h a t
t h e s e  f l u i d s  a r e  made up a c c u r a t e l y .  I f  i m p u r i t i e s  a r e  f ound or  
t h e  pH i s  n o t  w i t h i n  t h e  above  s p e c i f i c a t i o n s ,  t h e  f l u i d  s h a l l  be 
d i s c a r d e d  and f r e s h  e x t r a c t i o n  f l u i d  p r e p a r e d .
5 . 5  A n a l y t i c a l  s t a n d a r d s  s h a l l  be pr e p a r e d  a c c o r d i n g  t o  t h e  a p p r o p r i a t e  
a n a l y t i c a l  me t ho d .
6 . 0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING
6 . 1  A l l  s a mpl e s  s h a l l  be c o l l e c t e d  u s i n g  an a p p r o p r i a t e  s a mpl i ng  p l a n .
6 . 2  Th e r e  may be r e q u i r e m e n t s  on t h e  mi ni mal  s i z e  o f  t h e  f i e l d  s a mpl e  
d e p e n d i n g  upon t h e  p h y s i c a l  s t a t e  or s t a t e s  o f  t h e  w a s t e  and t h e  a n a l y t e s  o f  
c o n c e r n .  An a l i q u o t  i s  n e e d e d  f o r  t h e  p r e l i m i n a r y  e v a l u a t i o n s  o f  t h e  p e r c e n t
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s o l i d s  and t h e  p a r t i c l e  s i z e .  An a l i q u o t  may be ne eded t o  c o n d u c t  t h e  
n o n v o l a t i l e  a n a l y t e  e x t r a c t i o n  p r o c e d u r e .  I f  v o l a t i l e  o r g a n i c s  a r e  o f  c o n c e r n ,  
a n o t h e r  a l i q u o t  may be n e e d e d .  Q u a l i t y  c o n t r o l  m e a s u r e s  may r e q u i r e  a d d i t i o n a l  
a l i q u o t s .  F u r t h e r ,  i t  i s  a l wa y s  w i s e  t o  c o l l e c t  more s ampl e  j u s t  i n  c a s e  
s o m e t h i n g  g o e s  wrong w i t h  t h e  i n i t i a l  a t t e m p t  t o  c o n d u c t  t h e  t e s t .
6 . 3  P r e s e r v a t i v e s  s h a l l  n o t  be added t o  s a m p l e s  b e f o r e  e x t r a c t i o n .
6 . 4  Sampl e s  may be  r e f r i g e r a t e d  u n l e s s  r e f r i g e r a t i o n  r e s u l t s  i n
i r r e v e r s i b l e  p h y s i c a l  c hange  t o  t h e  w a s t e .  I f  p r e c i p i t a t i o n  o c c u r s ,  t h e  e n t i r e
s a mp l e  ( i n c l u d i n g  p r e c i p i t a t e )  s h o u l d  be  e x t r a c t e d .
6 . 5  When t h e  s a mp l e  i s  t o  be e v a l u a t e d  f o r  v o l a t i l e  a n a l y t e s ,  c a r e  
s h a l l  be t a k e n  t o  m i n i m i z e  t h e  l o s s  o f  v o l a t i l e s .  Sampl es  s h a l l  be c o l l e c t e d  and 
s t o r e d  i n  a manner  i n t e n d e d  t o  p r e v e n t  t h e  l o s s  o f  v o l a t i l e  a n a l y t e s  ( e . g . . 
s a m p l e s  s h o u l d  be  c o l l e c t e d  i n  T e f l o n - l i n e d  s e p t u m  capped v i a l s  and s t o r e d  a t  
4°C.  S a mp l e s  s h o u l d  be  op e n e d  o n l y  i m m e d i a t e l y  p r i o r  t o  e x t r a c t i o n ) .
6 . 6  1312  e x t r a c t s  s h o u l d  be p r e p a r e d  f o r  a n a l y s i s  and a n a l y z e d  a s  s o o n  
a s  p o s s i b l e  f o l l o w i n g  e x t r a c t i o n .  E x t r a c t s  or  p o r t i o n s  o f  e x t r a c t s  f o r  m e t a l l i c  
a n a l y t e  d e t e r m i n a t i o n s  must  be a c i d i f i e d  w i t h  n i t r i c  a c i d  t o  a pH < 2 ,  u n l e s s  
p r e c i p i t a t i o n  o c c u r s  ( s e e  S t e p  7 . 2 . 1 4  i f  p r e c i p i t a t i o n  o c c u r s ) .  E x t r a c t s  s h o u l d  
be p r e s e r v e d  f o r  o t h e r  a n a l y t e s  a c c o r d i n g  t o  t h e  g u i d a n c e  g i v e n  i n  t h e  i n d i v i d u a l  
a n a l y s i s  me t h o d s .  E x t r a c t s  or p o r t i o n s  o f  e x t r a c t s  f o r  o r g a n i c  a n a l y t e  
d e t e r m i n a t i o n s  s h a l l  n o t  be  a l l o w e d  t o  come i n t o  c o n t a c t  w i t h  t h e  a t m o s p h e r e  
( i . e . . no  h e a d s p a c e )  t o  p r e v e n t  l o s s e s .  S e e  S t e p  8 . 0  ( Q u a l i t y  C o n t r o l )  f o r  
a c c e p t a b l e  s a mp l e  and e x t r a c t  h o l d i n g  t i m e s .
7 . 0  PROCEDURE
7 . 1  P r e l i m i n a r y  E v a l u a t i o n s
P e r f o r m p r e l i m i n a r y  1 3 1 2  e v a l u a t i o n s  on a minimum 100 gram a l i q u o t  o f  
s a m p l e .  T h i s  a l i q u o t  may n o t  a c t u a l l y  u n d e r g o  1312  e x t r a c t i o n .  T h e s e  
p r e l i m i n a r y  e v a l u a t i o n s  i n c l u d e :  ( 1 )  d e t e r m i n a t i o n  o f  t h e  p e r c e n t  s o l i d s  ( S t e p
7 . 1 . 1 ) ;  ( 2 )  d e t e r m i n a t i o n  o f  w h e t h e r  t h e  w a s t e  c o n t a i n s  i n s i g n i f i c a n t  s o l i d s  and 
i s ,  t h e r e f o r e ,  i t s  own e x t r a c t  a f t e r  f i l t r a t i o n  ( S t e p  7 . 1 . 2 ) :  and ( 3 )
d e t e r m i n a t i o n  o f  w h e t h e r  t h e  s o l i d  p o r t i o n  o f  t h e  w a s t e  r e q u i r e s  p a r t i c l e  s i z e
r e d u c t i o n  ( S t e p  7 . 1 . 3 ) .
7 . 1 . 1  P r e l i m i n a r y  d e t e r m i n a t i o n  o f  p e r c e n t  s o l i d s :  P e r c e n t
s o l i d s  i s  d e f i n e d  as  t h a t  f r a c t i o n  o f  a w a s t e  s ampl e  ( a s  a p e r c e n t a g e  o f  
t h e  t o t a l  s a m p l e )  f rom wh i c h  no l i q u i d  may be f o r c e d  o u t  by an a p p l i e d  
p r e s s u r e ,  a s  d e s c r i b e d  b e l o w .
7 . 1 . 1 . 1  I f  t h e  s a mp l e  w i l l  o b v i o u s l y  y i e l d  no f r e e
l i q u i d  when s u b j e c t e d  t o  p r e s s u r e  f i l t r a t i o n  ( i . e . . i s  100% s o l i d ) ,  
w e i g h  o ut  a r e p r e s e n t a t i v e  s u b s a m p l e  ( 100  g minimum) and p r o c e e d  
t o  S t e p  7 . 1 . 3 .
7 . 1 . 1 . 2  I f  t h e  s a m p l e  i s  l i q u i d  o r  m u l t i p h a s i c ,
l i q u i d / s o l i d  s e p a r a t i o n  t o  make a p r e l i m i n a r y  d e t e r m i n a t i o n  o f  
p e r c e n t  s o l i d s  i s  r e q u i r e d .  T h i s  i n v o l v e s  t h e  f i l t r a t i o n  d e v i c e
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d i s c u s s e d  i n  S t e p  4 , 3 . 2 ,  and i s  o u t l i n e d  i n  S t e p s  7 . 1 . 1 . 3  t hr o ug h  
7 . 1 . 1 . 9 .
7 . 1 . 1 . 3  Pr e - we i g h  t h e  f i l t e r  and t h e  c o n t a i n e r  t h a t  w i l l  
r e c e i v e  t h e  f i l t r a t e .
7 . 1 . 1 . 4  As s e mbl e  f i l t e r  h o l d e r  and f i l t e r  f o l l o w i n g  t h e  
m a n u f a c t u r e r ' s  i n s t r u c t i o n s .  P l a c e  t h e  f i l t e r  on t h e  s u p p o r t  
s c r e e n  and s e c u r e .
7 . 1 . 1 . 5  Weigh out  a s u b s a m p l e  o f  t h e  w a s t e  ( 1 0 0  gram 
minimum) and r e c o r d  t h e  w e i g h t .
7 . 1 . 1 . 6  Al l o w s l u r r i e s  t o  s t a n d  t o  p e r m i t  t h e  s o l i d  p h a s e  
t o  s e t t l e .  Sampl es  t h a t  s e t t l e  s l o w l y  may be c e n t r i f u g e d  p r i o r  t o  
f i l t r a t i o n .  C e n t r i f u g a t i o n  i s  t o  be us ed  o n l y  a s  an a i d  t o  
f i l t r a t i o n .  I f  u s e d ,  t h e  l i q u i d  s h o u l d  be d e c a n t e d  and f i l t e r e d  
f o l l o w e d  by f i l t r a t i o n  o f  t h e  s o l i d  p o r t i o n  o f  t h e  w a s t e  t hr o ug h  
t h e  same f i l t r a t i o n  s y s t e m .
7 . 1 . 1 . 7  Q u a n t i t a t i v e l y  t r a n s f e r  t h e  s a m p l e  t o  t h e  f i l t e r  
h o l d e r  ( l i q u i d  and s o l i d  p h a s e s ) .  S pr e ad  t h e  s a m p l e  e v e n l y  o v e r  
t h e  s u r f a c e  o f  t h e  f i l t e r .  I f  f i l t r a t i o n  o f  t h e  w a s t e  a t  4°C 
r e d u c e s  t h e  amount o f  e x p r e s s e d  l i q u i d  o v e r  what  woul d be e x p r e s s e d  
a t  room t e m p e r a t u r e ,  t h e n  a l l o w  t h e  s a m p l e  t o  warm up t o  room 
t e m p e r a t u r e  i n  t h e  d e v i c e  b e f o r e  f i l t e r i n g .
G r a d u a l l y  a p p l y  vacuum or  g e n t l e  p r e s s u r e  o f  1 - 1 0  p s i g ,  
u n t i l  a i r  or  p r e s s u r i z i n g  g a s  moves  t h r o u g h  t h e  f i l t e r .  I f  t h i s  
p o i n t  i s  not  reached under  10 p s i g ,  and i f  no a d d i t i o n a l  l i q u i d  has  
p a s s e d  t h r o u g h  t h e  f i l t e r  in any 2 - m i n u t e  i n t e r v a l ,  s l o w l y  i n c r e a s e  
t h e  p r e s s u r e  i n  10 p s i g  i n c r e m e n t s  t o  a maximum o f  50 p s i g .  A f t e r  
each i n c r e m e n t a l  i n c r e a s e  o f  10 p s i g ,  i f  t h e  p r e s s u r i z i n g  gas  has  
n o t  moved t h r o u g h  t h e  f i l t e r ,  and i f  no a d d i t i o n a l  l i q u i d  has  
p a s s e d  t hr o ug h  t h e  f i l t e r  in any 2 - m i n u t e  i n t e r v a l ,  p r o c e e d  t o  t h e  
n e x t  1 0 - p s i g  i n c r e m e n t .  When t h e  p r e s s u r i z i n g  g a s  b e g i n s  t o  move 
t h r o u g h  t h e  f i l t e r ,  o r  when l i q u i d  f l o w  has  c e a s e d  a t  50 p s i g  
( i . e . . f i l t r a t i o n  does  no t  r e s u l t  i n  any a d d i t i o n a l  f i l t r a t e  w i t h i n  
any 2 - m i n u t e  p e r i o d ) ,  s t o p  t h e  f i l t r a t i o n .
NOTE: I f  s ampl e  m a t e r i a l  (>1 % o f  o r i g i n a l  s a mp l e  w e i g h t )  h a s
o b v i o u s l y  a d he r e d  t o  t h e  c o n t a i n e r  us ed  t o  t r a n s f e r  t h e  s a mp l e  t o  
t h e  f i l t r a t i o n  a p p a r a t u s ,  d e t e r mi n e  t h e  w e i g h t  o f  t h i s  r e s i d u e  and 
s u b t r a c t  i t  f rom t h e  s a mp l e  w e i g h t  d e t e r m i n e d  i n  S t e p  7 . 1 . 1 . 5  t o  
d e t e r m i n e  t h e  w e i g h t  o f  t h e  s a m p l e  t h a t  w i l l  be  f i l t e r e d .
NOTE: I n s t a n t a n e o u s  a p p l i c a t i o n  o f  h i g h  p r e s s u r e  can d e g r a d e  t h e  
g l a s s  f i b e r  f i l t e r  and may c a u s e  p r e ma t u r e  p l u g g i n g .
7 . 1 . 1 . 8  The m a t e r i a l  i n  t h e  f i l t e r  h o l d e r  i s  d e f i n e d  a s  
t h e  s o l i d  p h a s e  o f  t h e  s a m p l e ,  and t h e  f i l t r a t e  i s  d e f i n e d  as t h e  
l i q u i d  p h a s e .
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NOTE: Some s a m p l e s ,  such a s  o i l y  w a s t e s  and some p a i n t  w a s t e s ,
w i l l  o b v i o u s l y  c o n t a i n  some m a t e r i a l  t h a t  a p pe a r s  t o  be a l i q u i d ,  
but  even a f t e r  a p p l y i n g  vacuum or  p r e s s u r e  f i l t r a t i o n ,  a s  o u t l i n e d  
in  S t e p  7 . 1 . 1 . 7 ,  t h i s  m a t e r i a l  may n o t  f i l t e r .  I f  t h i s  i s  t h e  
c a s e ,  t h e  m a t e r i a l  w i t h i n  t h e  f i l t r a t i o n  d e v i c e  i s  d e f i n e d  as  a 
s o l i d .  Oo n o t  r e p l a c e  t h e  o r i g i n a l  f i l t e r  wi t h  a f r e s h  f i l t e r  
under  any c i r c u m s t a n c e s .  Use o n l y  one f i l t e r .
7 . 1 . 1 . 9  D e t e r mi n e  t h e  w e i g h t  o f  t h e  l i q u i d  p has e  by 
s u b t r a c t i n g  t h e  w e i g h t  o f  t h e  f i l t r a t e  c o n t a i n e r  ( s e e  S t e p  7 . 1 . 1 . 3 )  
from t h e  t o t a l  w e i g h t  o f  t h e  f i l t r a t e - f i l l e d  c o n t a i n e r .  De t e r mi ne  
t h e  w e i g h t  o f  t h e  s o l i d  phas e  o f  t h e  s a mp l e  by s u b t r a c t i n g  t h e  
w e i g h t  o f  t h e  l i q u i d  phase  from t h e  w e i g h t  o f  t h e  t o t a l  s a mp l e ,  as  
d e t e r m i n e d  i n  S t e p  7 . 1 . 1 . 5  or  7 . 1 . 1 . 7 .
Record t h e  w e i g h t  o f  t h e  l i q u i d  and s o l i d  p h a s e s .  
C a l c u l a t e  t h e  p e r c e n t  s o l i d s  as  f o l l o w s :
Wei ght  o f  s o l i d  ( S t e p  7 . 1 . 1 . 9 )
P e r c e n t  s o l i d s  =  _____________________________________________________________  x 100
Tot a l  w e i g h t  o f  w a s t e  ( S t e p  7 . 1 . 1 . 5  or 7 . 1 . 1 . 7 )
7 . 1 . 2  I f  t h e  p e r c e n t  s o l i d s  d e t e r mi n e d  i n  S t e p  7 . 1 . 1 . 9  i s  e q u a l  
t o  or  g r e a t e r  t han 0.5%,  t h e n  p r o c e e d  e i t h e r  t o  S t e p  7 . 1 . 3  t o  d e t e r m i n e  
w h e t h e r  t h e  s o l i d  m a t e r i a l  r e q u i r e s  p a r t i c l e  s i z e  r e d u c t i o n  or  t o  S t e p
7 . 1 . 2 . 1  i f  i t  i s  n o t i c e d  t h a t  a s ma l l  amount o f  t h e  f i l t r a t e  i s  e n t r a i n e d  
i n  w e t t i n g  o f  t h e  f i l t e r .  I f  t h e  p e r c e n t  s o l i d s  d e t e r m i n e d  in S t e p
7 . 1 . 1 . 9  i s  l e s s  t han  0.5%,  t h e n  p r o c e e d  t o  S t e p  7 . 2 . 9  i f  t h e  n o n v o l a t i l e  
1312  a n a l y s i s  i s  t o  be per f or me d,  and t o  S t e p  7 . 3  wi t h  a f r e s h  p o r t i o n  o f  
t h e  w a s t e  i f  t h e  v o l a t i l e  1312 a n a l y s i s  i s  t o  be  p e r f o r me d .
7 . 1 . 2 . 1  Remove t h e  s o l i d  p h a s e  and f i l t e r  f rom t h e  
f i l t r a t i o n  a p p a r a t u s .
7 . 1 . 2 . 2  Dry t h e  f i l t e r  and s o l i d  phase  a t  100  ±  20°C 
u n t i l  two s u c c e s s i v e  w e i g h i n g s  y i e l d  t h e  same v a l u e  w i t h i n  + 1 %. 
Record t h e  f i n a l  w e i g h t .
C a u t i o n  : The d r y i n g  oven s h o u l d  be v e n t e d  t o  a hood o r  o t h e r  
a p p r o p r i a t e  d e v i c e  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  o f  f umes  from t h e  
s a mp l e  e s c a p i n g  i n t o  t h e  l a b o r a t o r y .  Care  s h o u l d  be t a k e n  t o  
e n s u r e  t h a t  t h e  sampl e  w i l l  no t  f l a s h  or  v i o l e n t l y  r e a c t  upon 
h e a t i n g .
7 . 1 . 2 . 3  C a l c u l a t e  t h e  p e r c e n t  dry  s o l i d s  as  f o l l o w s :
P e r c e n t  ( We i ght  o f  dry sampl e  + f i l t e r )  - t a r e d  w e i g h t  o f  f i l t e r
dry  s o l i d s  =  __________________________________________________________________________  x 100
I n i t i a l  w e i g h t  o f  s a m p l e  ( S t e p  7 . 1 . 1 . 5  or  7 . 1 . 1 . 7 )
CD-ROM 1312 - 8 R e v i s i o n  0
S e p t e mb e r  1994
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
120
7 . 1 . 2 . 4  I f  t h e  p e r c e n t  dry  s o l i d s  i s  l e s s  t ha n  0.5%,  
t h e n  p r o c e e d  t o  S t e p  7 . 2 . 9  i f  t h e  n o n v o l a t i l e  1312  a n a l y s i s  i s  t o  
be p e r f o r me d ,  and t o  S t e p  7 . 3  i f  t h e  v o l a t i l e  1312  a n a l y s i s  i s  t o  
be p e r f or me d .  I f  t h e  p e r c e n t  dry  s o l i d s  i s  g r e a t e r  t han or equal  
t o  0.5%,  and i f  t h e  n o n v o l a t i l e  13 1 2  a n a l y s i s  i s  t o  be p e r f o r me d ,  
r e t u r n  t o  t h e  b e g i n n i n g  o f  t h i s  S t e p  ( 7 . 1 )  and,  w i t h  a f r e s h  
p o r t i o n  o f  s a m p l e ,  d e t e r m i n e  wh e t h e r  p a r t i c l e  s i z e  r e d u c t i o n  i s  
n e c e s s a r y  ( S t e p  7 . 1 . 3 ) .
7 . 1 . 3  D e t e r m i n a t i o n  o f  whe t he r  t h e  sampl e  r e q u i r e s  p a r t i  c l  e - s i z e  
r e d u c t i o n  ( p a r t i c l e - s i z e  i s  r e d u c e d  d u r i n g  t h i s  s t e p ) :  U s i n g  t h e  s o l i d
p o r t i o n  o f  t h e  s a m p l e ,  e v a l u a t e  t h e  s o l i d  f o r  p a r t i c l e  s i z e .  P a r t i c l e -  
s i z e  r e d u c t i o n  i s  r e q u i r e d ,  u n l e s s  t h e  s o l i d  has a s u r f a c e  a r e a  per gram
o f  m a t e r i a l  e q u a l  t o  or  g r e a t e r  t han 3 . 1  cmf,  or  i s  s m a l l e r  t ha n  1 cm i n
i t s  n a r r o w e s t  d i m e n s i o n  ( i . e .  . i s  c a p a b l e  o f  p a s s i n g  t h r o u g h  a 9 . 5  mm 
( 0 . 3 7 5  i n c h )  s t a n d a r d  s i e v e ) .  I f  t h e  s u r f a c e  a r e a  i s  s m a l l e r  or  t h e  
p a r t i c l e  s i z e  l a r g e r  t h a n  d e s c r i b e d  a b o v e ,  p r e p a r e  t h e  s o l i d  p o r t i o n  o f  
t h e  s a mp l e  f o r  e x t r a c t i o n  by c r u s h i n g ,  c u t t i n g ,  or  g r i n d i n g  t h e  w a s t e  t o  
a s u r f a c e  a r e a  o r  p a r t i c l e  s i z e  as  d e s c r i b e d  a b o v e .  I f  t h e  s o l i d s  ar e  
p r e p a r e d  f o r  o r g a n i c  v o l a t i l e s  e x t r a c t i o n ,  s p e c i a l  p r e c a u t i o n s  must  be 
t a k e n  ( s e e  S t e p  7 . 3 . 6 ) .
NOTE: S u r f a c e  a r e a  c r i t e r i a  a r e  meant  f o r  f i l a m e n t o u s  ( e . g . .
p a p e r ,  c l o t h ,  and s i m i l a r )  w a s t e  m a t e r i a l s .  Ac t u a l  measurement  o f  
s u r f a c e  a r e a  i s  not  r e q u i r e d ,  nor  i s  i t  recommended.  For m a t e r i a l s  
t h a t  do n o t  o b v i o u s l y  meet  t h e  c r i t e r i a ,  s a m p l e - s p e c i f i c  met hods
woul d need t o  be d e v e l o p e d  and e mp l oye d  t o  me a s u r e  t h e  s u r f a c e
a r e a .  Such me t h o d o l o g y  i s  c u r r e n t l y  no t  a v a i l a b l e .
7 . 1 . 4  D e t e r m i n a t i o n  o f  a p p r o p r i a t e  e x t r a c t i o n  f l u i d :
7 . 1 . 4 . 1  For s o i l s ,  i f  t h e  sampl e  i s  f rom a s i t e  t h a t  i s
e a s t  o f  t h e  M i s s i s s i p p i  R i v e r ,  e x t r a c t i o n  f l u i d  #1 s h o u l d  be u s e d .
I f  t h e  sampl e  i s  f rom a s i t e  t h a t  i s  w e s t  o f  t h e  M i s s i s s i p p i  Ri v e r ,
e x t r a c t i o n  f l u i d  #2  s h o u l d  be u s e d .
7 . 1 . 4 . 2  For w a s t e s  and w a s t e w a t e r ,  e x t r a c t i o n  f l u i d  #1
s h o u l d  be u s e d .
7 . 1 . 4 . 3  For  c y a n i d e - c o n t a i n i n g  w a s t e s  a n d / o r  s o i l s ,
e x t r a c t i o n  f l u i d  #3 ( r e a g e n t  w a t e r )  must  be us e d  b e c a u s e  l e a c h i n g  
o f  c y a n i d e - c o n t a i n i n g  s a m p l e s  unde r  a c i d i c  c o n d i t i o n s  may r e s u l t  
i n  t h e  f o r m a t i o n  o f  h y dr o g e n  c y a n i d e  g a s .
7 . 1 . 5  I f  t h e  a l i q u o t  o f  t h e  s a m p l e  us e d  f o r  t h e  p r e l i m i n a r y  
e v a l u a t i o n  ( S t e p s  7 . 1 . 1  - 7 . 1 . 4 )  was d e t e r m i n e d  t o  be  100% s o l i d  a t  S t e p  
7 . 1 . 1 . 1 ,  t h e n  i t  can be u s e d  f o r  t h e  S t e p  7 . 2  e x t r a c t i o n  ( a s s u m i n g  at  
l e a s t  100 grams r e m a i n ) ,  and t h e  S t e p  7 . 3  e x t r a c t i o n  ( a s s u m i n g  a t  l e a s t  25 
grams  r e m a i n ) .  I f  t h e  a l i q u o t  was s u b j e c t e d  t o  t h e  p r o c e d u r e  i n  S t e p
7 . 1 . 1 . 7 ,  t h e n  a n o t h e r  a l i q u o t  s h a l l  be u s e d  f o r  t h e  v o l a t i l e  e x t r a c t i o n  
p r o c e d u r e  i n  S t e p  7 . 3 .  The a l i q u o t  o f  t h e  w a s t e  s u b j e c t e d  t o  t h e  
p r o c e d u r e  i n  S t e p  7 . 1 . 1 . 7  mi g h t  be a p p r o p r i a t e  f o r  u s e  f o r  t h e  S t e p  7 . 2  
e x t r a c t i o n  i f  an ad e q u a t e  amount  o f  s o l i d  ( a s  d e t e r m i n e d  by S t e p  7 . 1 . 1 . 9 )
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was o b t a i n e d .  The amount  o f  s o l i d  n e c e s s a r y  i s  d e p e n d e n t  upon wh e t h e r  a 
s u f f i c i e n t  amount o f  e x t r a c t  w i l l  be produced  t o  s u p p o r t  t h e  a n a l y s e s .  I f  
an a d e q u a t e  amount  o f  s o l i d  r e m a i n s ,  p r o c e e d  t o  S t e p  7 . 2 . 1 0  o f  t h e  
n o n v o l a t i l e  131 2  e x t r a c t i o n .
7 . 2  P r o c e d u r e  When V o l a t i l e s  Are Not  I n v o l v e d
A minimum s a mp l e  s i z e  o f  100 grams ( s o l i d  and l i q u i d  p h a s e s )  i s  
recommended.  In some c a s e s ,  a l a r g e r  sampl e  s i z e  may be  a p p r o p r i a t e ,  d e p e n d i n g  
on t h e  s o l i d s  c o n t e n t  o f  t h e  w a s t e  s ampl e  ( p e r c e n t  s o l i d s .  See  S t e p  7 . 1 . 1 ) ,  
w h e t h e r  t h e  i n i t i a l  l i q u i d  phas e  o f  t h e  w a s t e  w i l l  be  m i s c i b l e  w i t h  t h e  aque ous  
e x t r a c t  o f  t h e  s o l i d ,  and whe t h e r  i n o r g a n i c s ,  s e m i v o l a t i l e  o r g a n i c s ,  p e s t i c i d e s ,  
and h e r b i c i d e s  are  a l l  a n a l y t e s  o f  c o n c e r n .  Enough s o l i d s  s h o u l d  be g e n e r a t e d  
f o r  e x t r a c t i o n  such t h a t  t h e  volume o f  1312 e x t r a c t  w i l l  be s u f f i c i e n t  t o  s u p p o r t  
a l l  o f  t h e  a n a l y s e s  r e q u i r e d .  I f  t h e  amount  o f  e x t r a c t  g e n e r a t e d  by a s i n g l e  
1312 e x t r a c t i o n  w i l l  no t  be s u f f i c i e n t  t o  per f or m a l l  o f  t h e  a n a l y s e s ,  more than  
one e x t r a c t i o n  may be per f or me d and t h e  e x t r a c t s  from each combined and a l i q u o t e d  
f o r  a n a l y s i s .
7 . 2 . 1  I f  t h e  sampl e w i l l  o b v i o u s l y  y i e l d  no l i q u i d  when s u b j e c t e d  
t o  p r e s s u r e  f i l t r a t i o n  ( i . e . . i s  100 % s o l i d ,  s e e  S t e p  7 . 1 . 1 ) ,  we i gh  o u t  
a s u b s a mp l e  o f  t h e  s a mpl e  ( 1 0 0  gram minimum) and p r o c e e d  t o  S t e p  7 . 2 . 9 .
7 . 2 . 2  I f  t h e  s a mp l e  i s  l i q u i d  o r  m u l t i p h a s i c ,  l i q u i d / s o l i d  
s e p a r a t i o n  i s  r e q u i r e d .  T h i s  i n v o l v e s  t h e  f i l t r a t i o n  d e v i c e  d e s c r i b e d  i n  
S t e p  4 . 3 . 2  and i s  o u t l i n e d  i n  S t e p s  7 . 2 . 3  t o  7 . 2 . 8 .
7 . 2 . 3  P r e - w e i g h  t h e  c o n t a i n e r  t h a t  w i l l  r e c e i v e  t h e  f i l t r a t e .
7 . 2 . 4  A s s e mb l e  t h e  f i l t e r  h o l d e r  and f i l t e r  f o l l o w i n g  t h e
m a n u f a c t u r e r ‘s i n s t r u c t i o n s .  P l a c e  t h e  f i l t e r  on t h e  s u p p o r t  s c r e e n  and 
s e c u r e .  Aci d wash t h e  f i l t e r  i f  e v a l u a t i n g  t h e  m o b i l i t y  o f  m e t a l s  ( s e e  
S t e p  4 . 4 ) .
NOTE : Ac i d  washed f i l t e r s  may be used f o r  a l l  n o n v o l a t i l e
e x t r a c t i o n s  e v e n  when m e t a l s  a r e  n o t  o f  c o n c e r n .
7 . 2 . 5  Weigh o u t  a s u b s a m p l e  o f  t h e  s a mp l e  ( 1 0 0  gram minimum) and 
r e c o r d  t h e  w e i g h t .  I f  t h e  w a s t e  c o n t a i n s  < 0 . 5  % dry  s o l i d s  ( S t e p  7 . 1 . 2 ) ,  
t h e  l i q u i d  p o r t i o n  o f  t h e  w a s t e ,  a f t e r  f i l t r a t i o n ,  i s  d e f i n e d  as  t h e  1312  
e x t r a c t .  T h e r e f o r e ,  enough o f  t h e  s a mp l e  s h o u l d  be f i l t e r e d  s o  t h a t  t h e  
amount  o f  f i l t e r e d  l i q u i d  w i l l  s u p p o r t  a l l  o f  t h e  a n a l y s e s  r e q u i r e d  o f  t h e  
1312  e x t r a c t .  For w a s t e s  c o n t a i n i n g  > 0 . 5  % dry s o l i d s  ( S t e p s  7 . 1 . 1  or
7 . 1 . 2 ) ,  u s e  t h e  p e r c e n t  s o l i d s  i n f o r m a t i o n  o b t a i n e d  i n  S t e p  7 . 1 . 1  t o
d e t e r m i n e  t h e  opt imum s a mpl e  s i z e  ( 1 0 0  gram minimum) f o r  f i l t r a t i o n .  
Enough s o l i d s  s h o u l d  be g e n e r a t e d  by f i l t r a t i o n  t o  s u p p o r t  t h e  a n a l y s e s  t o  
be p e r f o r me d  on t h e  1312  e x t r a c t .
7 . 2 . 6  A l l o w  s l u r r i e s  t o  s t a n d  t o  p e r mi t  t h e  s o l i d  phas e  t o  s e t t l e .  
S a mp l e s  t h a t  s e t t l e  s l o w l y  may be c e n t r i f u g e d  p r i o r  t o  f i l t r a t i o n .  Use  
c e n t r i f u g a t i o n  o n l y  a s  an a i d  t o  f i l t r a t i o n .  I f  t h e  s a mp l e  i s  
c e n t r i f u g e d ,  t h e  l i q u i d  s h o u l d  be d e c a n t e d  and f i l t e r e d  f o l l o w e d  by
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f i l t r a t i o n  o f  t h e  s o l i d  p o r t i o n  o f  t h e  w a s t e  t h r o u g h  t h e  same f i l t r a t i o n  
s y s t e m .
7 . 2 . 7  Q u a n t i t a t i v e l y  t r a n s f e r  t h e  sampl e  ( l i q u i d  and s o l i d  p h a s e s )  
t o  t h e  f i l t e r  h o l d e r  ( s e e  Step 4 . 3 . 2 ) .  Spread t h e  w a s t e  sampl e  e v e n l y  
o v e r  t h e  s u r f a c e  o f  t h e  f i l t e r .  I f  f i l t r a t i o n  o f  t h e  w a s t e  a t  4°C r e du c e s  
t h e  amount  o f  e x p r e s s e d  l i q u i d  o ve r  what  woul d be e x p r e s s e d  a t  room 
t e m p e r a t u r e ,  t h e n  a l l o w  t h e  sampl e  t o  warm up t o  room t e m p e r a t u r e  i n  t h e  
d e v i c e  b e f o r e  f i l t e r i n g .
Gr a d u a l l y  a p p l y  vacuum or  g e n t l e  p r e s s u r e  o f  1 - 1 0  p s i g ,  u n t i l  a i r  
o r  p r e s s u r i z i n g  g a s  moves t hr ough t h e  f i l t e r .  I f  t h i s  p o i n t  i f  not  
r e a c h e d  under  10 p s i g ,  and i f  no a d d i t i o n a l  l i q u i d  has p a s s e d  t hr ough  t h e  
f i l t e r  i n  any 2 - m i n u t e  i n t e r v a l ,  s l o w l y  i n c r e a s e  t h e  p r e s s u r e  in 1 0 - p s i g  
i n c r e m e n t s  t o  maximum o f  50 p s i g .  A f t e r  e ac h  i n c r e m e n t a l  i n c r e a s e  o f  10 
p s i g ,  i f  t h e  p r e s s u r i z i n g  gas  has not  moved t h r o u g h  t h e  f i l t e r ,  and i f  no 
a d d i t i o n a l  l i q u i d  has  p a s s e d  through t h e  f i l t e r  i n  any 2 - m i n u t e  i n t e r v a l ,  
p r o c e e d  t o  t h e  n e x t  1 0 - p s i g  i n c r e m e n t .  When t h e  p r e s s u r i z i n g  gas  b e g i n s  
t o  move t h r o u g h  t h e  f i l t e r ,  or when t h e  l i q u i d  f l o w  has c e a s e d  a t  50 p s i g  
( 1 . e . , f i l t r a t i o n  d o e s  n o t  r e s u l t  i n  any a d d i t i o n a l  f i l t r a t e  w i t h i n  a 
2 - m i n u t e  p e r i o d ) ,  s t o p  t h e  f i l t r a t i o n .
ÜOTE: I f  w a s t e  m a t e r i a l  (>1 % o f  t h e  o r i g i n a l  s a mpl e  w e i g h t )  has
o b v i o u s l y  ad h e r e d  t o  t h e  c o n t a i n e r  us e d  t o  t r a n s f e r  t h e  sampl e  t o  
t h e  f i l t r a t i o n  a p pa r a t u s ,  d e t e r mi n e  t h e  w e i g h t  o f  t h i s  r e s i d u e  and 
s u b t r a c t  i t  f rom t h e  sampl e  w e i g h t  d e t e r m i n e d  i n  S t e p  7 . 2 . 5 ,  t o  
d e t e r m i n e  t h e  w e i g h t  o f  t h e  w a s t e  s a mpl e  t h a t  w i l l  be f i l t e r e d .
NOTE: I n s t a n t a n e o u s  a p p l i c a t i o n  o f  h i g h  p r e s s u r e  can d e g r a d e  t h e  
g l a s s  f i b e r  f i l t e r  and may c a u s e  p r e ma t u r e  p l u g g i n g .
7 . 2 . 8  The m a t e r i a l  in t h e  f i l t e r  h o l d e r  i s  d e f i n e d  as  t h e  s o l i d  
p h a s e  o f  t h e  s a m p l e ,  and t h e  f i l t r a t e  i s  d e f i n e d  as t h e  l i q u i d  p h a s e .  
Weigh t h e  f i l t r a t e .  The l i q u i d  phase  may now be e i t h e r  a n a l y z e d  ( s e e  St ep  
7 . 2 . 1 2 )  o r  s t o r e d  a t  4°C u n t i l  t i me  o f  a n a l y s i s .
NOTE: Some w a s t e s ,  such as o i l y  w a s t e s  and some p a i n t  w a s t e s ,  w i l l
o b v i o u s l y  c o n t a i n  some ma t e r i a l  whi ch a p p e a r s  t o  be a l i q u i d .  Even 
a f t e r  a p p l y i n g  vacuum or p r e s s u r e  f i l t r a t i o n ,  as  o u t l i n e d  in S t e p
7 . 2 . 7 ,  t h i s  m a t e r i a l  may not  f i l t e r .  I f  t h i s  i s  t h e  c a s e ,  t h e  
m a t e r i a l  w i t h i n  t h e  f i l t r a t i o n  d e v i c e  i s  d e f i n e d  as  a s o l i d ,  and 
i s  c a r r i e d  t h r o u g h  t h e  e x t r a c t i o n  as  a s o l i d .  Do n o t  r e p l a c e  t h e  
o r i g i n a l  f i l t e r  wi t h  a f r e s h  f i l t e r  under  any c i r c u m s t a n c e s .  Use  
o n l y  one  f i l t e r .
7 . 2 . 9  I f  t h e  sampl e  c o n t a i n s  <0.5% dry  s o l i d s  ( s e e  S t e p  7 . 1 . 2 ) ,  
p r o c e e d  t o  S t e p  7 . 2 . 1 3 .  I f  t h e  s ampl e  c o n t a i n s  > 0 . 5  % dry  s o l i d s  ( s e e  
S t e p  7 . 1 . 1  o r  7 . 1 . 2 ) ,  and i f  p a r t i c l e - s i z e  r e d u c t i o n  o f  t h e  s o l i d  was  
ne e d e d  i n  S t e p  7 . 1 . 3 ,  p r o c e e d  t o  St ep  7 . 2 . 1 0 .  I f  t h e  s ampl e  as  r e c e i v e d  
p a s s e s  a 9 . 5  mm s i e v e ,  q u a n t i t a t i v e l y  t r a n s f e r  t h e  s o l i d  m a t e r i a l  i n t o  t h e  
e x t r a c t o r  b o t t l e  a l o n g  wi t h  t h e  f i l t e r  us ed  t o  s e p a r a t e  t h e  i n i t i a l  l i q u i d  
f rom t h e  s o l i d  p h a s e ,  and p r o c e e d  t o  S t e p  7 . 2 . 1 1 .
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7 . 2 . 1 0  Prepare  t h e  s o l i d  p o r t i o n  o f  t h e  s a mpl e  f o r  e x t r a c t i o n  by 
c r u s h i n g ,  c u t t i n g ,  o r  g r i n d i n g  t h e  w a s t e  t o  a s u r f a c e  ar e a  or  p a r t i c l e -  
s i z e  as  d e s c r i b e d  i n  S t e p  7 . 1 . 3 .  When t h e  s u r f a c e  a r e a  or  p a r t i c l e - s i z e  
has been a p p r o p r i a t e l y  a l t e r e d ,  q u a n t i t a t i v e l y  t r a n s f e r  t h e  s o l i d  m a t e r i a l  
i n t o  an e x t r a c t o r  b o t t l e .  I n c l u d e  t h e  f i l t e r  us ed  t o  s e p a r a t e  t h e  i n i t i a l  
l i q u i d  f rom t h e  s o l i d  p h a s e .
NOTE: S i e v i n g  o f  t h e  wa s t e  i s  n o t  n o r m a l l y  r e q u i r e d .  S u r f a c e  are a  
r e q u i r e m e n t s  a r e  meant  f o r  f i l a m e n t o u s  ( e . g . . p a p e r ,  c l o t h )  and 
s i m i l a r  wa s t e  m a t e r i a l s .  Ac t ua l  measurement  o f  s u r f a c e  area  i s  n o t  
recommended.  I f  s i e v i n g  i s  n e c e s s a r y ,  a T e f l o n - c o a t e d  s i e v e  s h o u l d  
be us e d  t o  a v o i d  c o n t a m i n a t i o n  o f  t h e  s a mp l e .
7 . 2 . 1 1  De t e r mi ne  t h e  amount  o f  e x t r a c t i o n  f l u i d  t o  add t o  t h e  
e x t r a c t o r  v e s s e l  a s  f o l l o w s :
Wei ght  o f  
e x t r a c t i o n  f l u i d
20 X % s o l i d s  ( S t e p  7 . 1 . 1 )  x w e i g h t  o f  w a s t e  
f i l t e r e d  ( S t e p  7 . 2 . 5  o r  7 . 2 . 7 )
100
S l o w l y  add t h i s  amount  o f  a p p r o p r i a t e  e x t r a c t i o n  f l u i d  ( s e e  S t e p  
7 . 1 . 4 )  t o  t h e  e x t r a c t o r  v e s s e l .  C l o s e  t h e  e x t r a c t o r  b o t t l e  t i g h t l y  ( i t  i s  
recommended t h a t  T e f l o n  t a p e  be used  t o  e n s u r e  a t i g h t  s e a l ) ,  s e c u r e  i n  
r o t a r y  e x t r a c t o r  d e v i c e ,  and r o t a t e  a t  30 ±  2 rpm f o r  18 ±  2 h o u r s .
Ambient  t e m p e r a t u r e  ( i . e . . t e m p e r a t u r e  o f  room i n  whi c h  e x t r a c t i o n  t a k e s  
p l a c e )  s h a l l  be m a i n t a i n e d  a t  23 ±  2 “C d u r i n g  t h e  e x t r a c t i o n  p e r i o d .
NOTE: As a g i t a t i o n  c o n t i n u e s ,  p r e s s u r e  may b u i l d  up w i t h i n  t h e
e x t r a c t o r  b o t t l e  f o r  some t y p e s  o f  s a mp l e  ( e . g . . l i me d  or  c a l c i u m  
c a r b o n a t e - c o n t a i n i n g  s a mpl e  may e v o l v e  g a s e s  such  as  c ar bon
d i o x i d e ) .  To r e l i e v e  e x c e s s  p r e s s u r e ,  t h e  e x t r a c t o r  b o t t l e  may be  
p e r i o d i c a l l y  o p e n e d  ( e . g . . a f t e r  15 m i n u t e s ,  30 m i n u t e s ,  and 1 
h o ur )  and v e n t e d  i n t o  a hood.
7 . 2 . 1 2  Fo l l o wi n g  t h e  18 ±  2 hour e x t r a c t i o n ,  s e p a r a t e  t h e  m a t e r i a l  
i n  t h e  e x t r a c t o r  v e s s e l  i n t o  i t s  component  l i q u i d  and s o l i d  p h a s e s  by 
f i l t e r i n g  t h r o u g h  a new g l a s s  f i b e r  f i l t e r ,  as  o u t l i n e d  i n S t e p  7 . 2 . 7 .  
For f i n a l  f i l t r a t i o n  o f  t h e  1312 e x t r a c t ,  t h e  g l a s s  f i b e r  f i l t e r  may be  
c h a n g e d ,  i f  n e c e s s a r y ,  t o  f a c i l i t a t e  f i l t r a t i o n .  F i l t e r ( s )  s h a l l  be  
a c i d - w a s h e d  ( s e e  S t e p  4 . 4 )  i f  e v a l u a t i n g  t h e  m o b i l i t y  o f  m e t a l s .
7 . 2 . 1 3  P r e p a r e  t h e  1312 e x t r a c t  as  f o l l o w s :
7 . 2 . 1 3 . 1  I f  t h e  sampl e  c o n t a i n e d  no i n i t i a l  l i q u i d  p h a s e ,  
t h e  f i l t e r e d  l i q u i d  m a t e r i a l  o b t a i n e d  f rom S t e p  7 . 2 . 1 2  i s  d e f i n e d  
as t h e  1312 e x t r a c t .  Pr oc e e d  t o  S t e p  7 . 2 . 1 4 .
7 . 2 . 1 3 . 2  I f  c o m p a t i b l e  ( e . g . . m u l t i p l e  p h a s e s  w i l l  n o t  
r e s u l t  on c o m b i n a t i o n ) ,  combi ne  t h e  f i l t e r e d  l i q u i d  r e s u l t i n g  f rom 
S t e p  7 . 2 . 1 2  w i t h  t h e  i n i t i a l  l i q u i d  p h a s e  o f  t h e  s ampl e  o b t a i n e d
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i n  S t e p  7 . 2 . 7 .  T h i s  combi ne d l i q u i d  i s  d e f i n e d  a s  t h e  1312  
e x t r a c t .  Pr oc e e d  t o  S t e p  7 . 2 . 1 4 .
7 . 2 . 1 3 . 3  I f  t h e  i n i t i a l  l i q u i d  p h a s e  o f  t h e  w a s t e ,  as  
o b t a i n e d  f rom St e p  7 . 2 . 7 .  i s  n o t  or  may no t  be  c o m p a t i b l e  w i t h  t h e  
f i l t e r e d  l i q u i d  r e s u l t i n g  f rom S t e p  7 . 2 . 1 2 ,  do n o t  combi ne  t h e s e  
l i q u i d s .  A n a l y z e  t h e s e  l i q u i d s ,  c o l l e c t i v e l y  d e f i n e d  as  t h e  1312  
e x t r a c t ,  and combi ne  t h e  r e s u l t s  m a t h e m a t i c a l l y ,  a s  d e s c r i b e d  i n  
S t e p  7 . 2 . 1 4 .
7 . 2 . 1 4  F o l l o w i n g  c o l l e c t i o n  o f  t h e  1312  e x t r a c t ,  t h e  pH o f  t h e  
e x t r a c t  s h o u l d  be r e c o r d e d .  I mme d i a t e l y  a l i q u o t  and p r e s e r v e  t h e  e x t r a c t  
f o r  a n a l y s i s .  Me t a l s  a l i q u o t s  must  be a c i d i f i e d  w i t h  n i t r i c  a c i d  t o  pH < 
2.  I f  p r e c i p i t a t i o n  i s  o b s e r v e d  upon a d d i t i o n  o f  n i t r i c  a c i d  t o  a s m a l l  
a l i q u o t  o f  t h e  e x t r a c t ,  t h e n  t h e  r e m a i n i n g  p o r t i o n  o f  t h e  e x t r a c t  f o r  
m e t a l s  a n a l y s e s  s h a l l  not  be a c i d i f i e d  and t h e  e x t r a c t  s h a l l  be a n a l y z e d  
as soon  a s  p o s s i b l e .  A l l  o t h e r  a l i q u o t s  mus t  be s t o r e d  under  
r e f r i g e r a t i o n  ( 4° C)  u n t i l  a n a l y z e d .  The 1312  e x t r a c t  s h a l l  be p r e p a r e d  
and a n a l y z e d  a c c o r d i n g  t o  a p p r o p r i a t e  a n a l y t i c a l  m e t h o d s .  131 2  e x t r a c t s  
t o  b e  a n a l y z e d  f o r  m e t a l s  s h a l l  be  a c i d  d i g e s t e d  e x c e p t  i n  t h o s e  i n s t a n c e s  
wh e r e  d i g e s t i o n  c a u s e s  l o s s  o f  m e t a l l i c  a n a l y t e s .  I f  an a n a l y s i s  o f  t h e  
u n d i g e s t e d  e x t r a c t  shows t h a t  t h e  c o n c e n t r a t i o n  o f  any  r e g u l a t e d  m e t a l l i c  
a n a l y t e  e x c e e d s  t h e  r e g u l a t o r y  l e v e l ,  t h e n  t h e  w a s t e  i s  h a z a r d o u s  and  
d i g e s t i o n  o f  t h e  e x t r a c t  i s  n o t  n e c e s s a r y .  Howeve r ,  d a t a  on u n d i g e s t e d  
e x t r a c t s  a l o n e  c a n n o t  be used  t o  d e m o n s t r a t e  t h a t  t h e  w a s t e  i s  n o t  
h a z a r d o u s .  I f  t h e  i n d i v i d u a l  p h a s e s  are  t o  be  a n a l y z e d  s e p a r a t e l y ,  
d e t e r m i n e  t h e  vo l ume  o f  t h e  i n d i v i d u a l  p h a s e s  ( t o  ±  0 . 5  %), c o n d u c t  t h e  
a p p r o p r i a t e  a n a l y s e s ,  and combi ne  t h e  r e s u l t s  m a t h e m a t i c a l l y  by u s i n g  a 
s i m p l e  v o l u m e - w e i g h t e d  a v e r a g e :
F i n a l  A n a l y t e  C o n c e n t r a t i o n
whe r e  :
(V,) (Cl) -H (V;) (C;)
Vi + V;
V, =  The vo l ume  o f  t h e  f i r s t  p h a s e  ( L ) .
Cl =  The c o n c e n t r a t i o n  o f  t h e  a n a l y t e  o f  c o n c e r n  i n  t h e  f i r s t  p h a s e  ( mg / L ) .
V; =  The vo l ume  o f  t h e  s e c o n d  p h a s e  ( L ) .
C; =  The c o n c e n t r a t i o n  o f  t h e  a n a l y t e  o f  c o n c e r n  i n  t h e  s e c o n d  phas e
( m g / L ) .
7 . 2 . 1 5  Compare t he  a n a l y t e  c o n c e n t r a t i o n s  i n  t h e  1312 e x t r a c t  w i t h  
t h e  l e v e l s  i d e n t i f i e d  in t h e  a p p r o p r i a t e  r e g u l a t i o n s .  R e f e r  t o  S e c t i o n
8 . 0  f o r  q u a l i t y  a s s u r a n c e  r e q u i r e m e n t s .
7 . 3  P r o c e d u r e  When V o l a t i l e s  Are I n v o l v e d
Use t h e  ZHE d e v i c e  t o  o b t a i n  1312 e x t r a c t  f o r  a n a l y s i s  o f  v o l a t i l e  
compounds o n l y .  E x t r a c t  r e s u l t i n g  f rom t h e  u s e  o f  t h e  ZHE s h a l l  n o t  be u s e d  t o  
e v a l u a t e  t h e  m o b i l i t y  o f  n o n - v o l a t i l e  a n a l y t e s  ( e . g . . m e t a l s ,  p e s t i c i d e s ,  e t c . ) .
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The ZHE d e v i c e  has a p p r o x i m a t e l y  a 500 mL i n t e r n a l  c a p a c i t y .  The ZHE can  
t h u s  accommodate  a maximum o f  25 grams o f  s o l i d  ( d e f i n e d  a s  t h a t  f r a c t i o n  o f  a 
sampl e  from whi ch no a d d i t i o n a l  l i q u i d  may be f o r c e d  o u t  by an a p p l i e d  p r e s s u r e  
o f  50  p s i g ) ,  due  t o  t h e  need t o  add an amount o f  e x t r a c t i o n  f l u i d  e q u a l  t o  20
t i m e s  t h e  w e i g h t  o f  t h e  s o l i d  p h a s e .
Charge t h e  ZHE wi t h  sampl e  o n l y  o n c e  and do n o t  open t h e  d e v i c e  u n t i l  t h e  
f i n a l  e x t r a c t  ( o f  t h e  s o l i d )  has  been c o l l e c t e d .  Re p e a t e d  f i l l i n g  o f  t h e  ZHE t o  
o b t a i n  25 grams o f  s o l i d  i s  n o t  p e r m i t t e d .
Do n o t  a l l o w  t h e  s a m p l e ,  t h e  i n i t i a l  l i q u i d  p h a s e ,  or t h e  e x t r a c t  t o  be  
e x p o s e d  t o  t h e  a t mo s p h e r e  f o r  any more t i m e  t han  i s  a b s o l u t e l y  n e c e s s a r y .  Any 
m a n i p u l a t i o n  o f  t h e s e  m a t e r i a l s  s h o u l d  be  done when c o l d  (4°C)  t o  m i n i m i z e  l o s s  
o f  v o l a t i l e s .
7 . 3 . 1  P r e - w e i g h  t h e  ( e v a c u a t e d )  f i l t r a t e  c o l l e c t i o n  c o n t a i n e r  
( s e e  S t e p  4 . 6 )  and s e t  a s i d e .  I f  u s i n g  a TEDLAR* b a g ,  e x p r e s s  a l l  l i q u i d  
from t h e  ZHE d e v i c e  i n t o  t h e  b a g ,  w h e t h e r  f o r  t h e  i n i t i a l  or  f i n a l
l i q u i d / s o l i d  s e p a r a t i o n ,  and t a k e  an a l i q u o t  f rom t h e  l i q u i d  i n  t h e  bag
f o r  a n a l y s i s .  The c o n t a i n e r s  l i s t e d  i n  S t e p  4 . 6  a r e  recommended f o r  u s e  
under  t h e  c o n d i t i o n s  s t a t e d  i n  S t e p s  4 . 6 . 1 - 4 . 6 . 3 .
7 . 3 . 2  P l a c e  t h e  ZHE p i s t o n  w i t h i n  t h e  body o f  t h e  ZHE ( i t  may be  
h e l p f u l  f i r s t  t o  m o i s t e n  t h e  p i s t o n  0 - r i n g s  s l i g h t l y  w i t h  e x t r a c t i o n  
f l u i d ) .  A d j u s t  t h e  p i s t o n  w i t h i n  t h e  ZHE body t o  a h e i g h t  t h a t  w i l l  
mi n i mi z e  t h e  d i s t a n c e  t h e  p i s t o n  w i l l  have  t o  move on c e  t h e  ZHE i s  c h a r g e d  
w i t h  sampl e  ( b a s e d  upon s ampl e  s i z e  r e q u i r e m e n t s  d e t e r mi n e d  from S t e p  7 . 3 ,  
S t e p  7 . 1 . 1  a n d / o r  7 . 1 . 2 ) .  S e c u r e  t h e  g a s  i n l e t / o u t l e t  f l a n g e  ( b o t t o m  
f l a n g e )  o n t o  t h e  ZHE body i n  a c c o r d a n c e  w i t h  t h e  m a n u f a c t u r e r ' s  
i n s t r u c t i o n s .  S e c u r e  t h e  g l a s s  f i b e r  f i l t e r  b e t we e n  t h e  s u p p o r t  s c r e e n s  
and s e t  a s i d e .  S e t  l i q u i d  i n l e t / o u t l e t  f l a n g e  ( t o p  f l a n g e )  a s i d e .
7 . 3 . 3  I f  t h e  s a mp l e  i s  100% s o l i d  ( s e e  S t e p  7 . 1 . 1 ) ,  w e i g h  o u t  
a s ubs ampl e  ( 25  gram maximum) o f  t h e  w a s t e ,  r e c o r d  w e i g h t ,  and p r o c e e d  t o  
S t e p  7 . 3 . 5 .
7 . 3 . 4  I f  t h e  sampl e  c o n t a i n s  <0.5% dry  s o l i d s  ( S t e p  7 . 1 . 2 ) ,  t h e  
l i q u i d  p o r t i o n  o f  w a s t e ,  a f t e r  f i l t r a t i o n ,  i s  d e f i n e d  as t h e  1312 e x t r a c t .  
F i l t e r  enough o f  t h e  s a mp l e  so  t h a t  t h e  amount  o f  f i l t e r e d  l i q u i d  w i l l  
s u p p o r t  a l l  o f  t h e  v o l a t i l e  a n a l y s e s  r e q u i r e d .  For s a mp l e s  c o n t a i n i n g  
>0.5% dry s o l i d s  ( S t e p s  7 . 1 . 1  a n d / o r  7 . 1 . 2 ) ,  u s e  t h e  p e r c e n t  s o l i d s  
i n f o r m a t i o n  o b t a i n e d  i n  St e p  7 . 1 . 1  t o  d e t e r m i n e  t h e  optimum sampl e  s i z e  t o  
c h a r g e  i n t o  t h e  ZHE. The recommended s a mp l e  s i z e  i s  as  f o l l o w s :
7 . 3 . 4 . 1  For s a m p l e s  c o n t a i n i n g  <5% s o l i d s  ( s e e  S t e p
7 . 1 . 1 ) ,  we i gh  o u t  a 500 gram s u b s a m p l e  o f  w a s t e  and r e c o r d  t h e
w e i g h t .
7 . 3 . 4 . 2  For w a s t e s  c o n t a i n i n g  >5% s o l i d s  ( s e e  S t e p
7 . 1 . 1 ) ,  d e t e r m i n e  t h e  amount  o f  w a s t e  t o  c h a r g e  i n t o  t h e  ZHE a s
f o l 1 o w s :
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We i g ht  o f  w a s t e  t o  c h a r g e  ZHE = ------------------------------------------------------- x 100
p e r c e n t  s o l i d s  ( S t e p  7 . 1 . 1 )
Weigh o u t  a s u bs amp l e  o f  t h e  w a s t e  o f  t h e  a p p r o p r i a t e  s i z e  and 
r e c o r d  t h e  w e i g h t .
7 . 3 . 5  I f  p a r t i c l e - s i z e  r e d u c t i o n  o f  t h e  s o l i d  p o r t i o n  o f  t h e  
s a mp l e  was r e q u i r e d  i n  S t e p  7 . 1 . 3 ,  p r o c e e d  t o  S t e p  7 . 3 . 6 .  I f  p a r t i c l e -  
s i z e  r e d u c t i o n  was n o t  r e q u i r e d  i n  S t e p  7 . 1 . 3 ,  p r o c e e d  t o  S t e p  7 . 3 . 7 .
7 . 3 . 6  Prepare  t h e  s ampl e  f o r  e x t r a c t i o n  by c r u s h i n g ,  c u t t i n g ,  or  
g r i n d i n g  t h e  s o l i d  p o r t i o n  o f  t h e  w a s t e  t o  a s u r f a c e  ar e a  or  p a r t i c l e  s i z e  
as  d e s c r i b e d  i n  Step 7 . 1 . 3 . 1 .  Wast es  and a p p r o p r i a t e  r e d u c t i o n  equi pment  
s h o u l d  be r e f r i g e r a t e d ,  i f  p o s s i b l e ,  t o  4°C p r i o r  t o  p a r t i c l e - s i z e  
r e d u c t i o n .  The means used t o  e f f e c t  p a r t i c l e - s i z e  r e d u c t i o n  must  n o t  
g e n e r a t e  h e a t  i n  and o f  i t s e l f .  I f  r e d u c t i o n  o f  t h e  s o l i d  p h a s e  o f  t h e  
w a s t e  i s  n e c e s s a r y ,  e x p o s u r e  o f  t h e  w a s t e  t o  t h e  a t mo s p h e r e  s h o u l d  be  
a v o i d e d  t o  t h e  e x t e n t  p o s s i b l e .
NOTE: S i e v i n g  o f  t h e  w a s t e  i s  n o t  recommended due t o  t h e
p o s s i b i l i t y  t h a t  v o l a t i l e s  may be l o s t .  The u s e  o f  an 
a p p r o p r i a t e l y  g r a d u a t e d  r u l e r  i s  recommended as  an a c c e p t a b l e  
a l t e r n a t i v e .  S u r f a c e  a r e a  r e q u i r e m e n t s  a r e  meant  f o r  f i l a m e n t o u s  
( e . g . . p a p e r ,  c l o t h )  and s i m i l a r  w a s t e  m a t e r i a l s .  Ac t ua l  
measurement  o f  s u r f a c e  a r e a  i s  n o t  recommended.
When t h e  s u r f a c e  a r e a  or  p a r t i c l e - s i z e  has been a p p r o p r i a t e l y  
a l t e r e d ,  p r o c e e d  t o  S t e p  7 . 3 . 7 .
7 . 3 . 7  Waste s l u r r i e s  need not  be a l l o w e d  t o  s t a n d  t o  p e r m i t  t h e  
s o l i d  phas e  t o  s e t t l e .  Do n o t  c e n t r i f u g e  s a m p l e s  p r i o r  t o  f i l t r a t i o n .
7 . 3 . 8  Q u a n t i t a t i v e l y  t r a n s f e r  t h e  e n t i r e  sampl e  ( l i q u i d  and s o l i d  
p h a s e s )  q u i c k l y  t o  t h e  ZHE. S e c u r e  t h e  f i l t e r  and s u p p o r t  s c r e e n s  i n t o  
t h e  t o p  f l a n g e  o f  t h e  d e v i c e  and s e c u r e  t h e  t o p  f l a n g e  t o  t h e  ZHE body i n  
a c c o r d a n c e  wi t h  t h e  m a n u f a c t u r e r ' s  i n s t r u c t i o n s .  T i g ht e n  a l l  ZHE f i t t i n g s  
and p l a c e  t h e  d e v i c e  i n  t h e  v e r t i c a l  p o s i t i o n  ( g a s  i n l e t / o u t l e t  f l a n g e  on 
t h e  b o t t o m ) .  Do n o t  a t t a c h  t h e  e x t r a c t i o n  c o l l e c t i o n  d e v i c e  t o  t h e  t o p  
p l a t e .
Note  : I f  s ampl e  m a t e r i a l  (>1% o f  o r i g i n a l  s a mpl e  w e i g h t )  has
o b v i o u s l y  a d he r e d  t o  t h e  c o n t a i n e r  used t o  t r a n s f e r  t h e  s ampl e  t o  
t h e  ZHE, d e t e r mi n e  t h e  w e i g h t  o f  t h i s  r e s i d u e  and s u b t r a c t  i t  f rom
t h e  sampl e  w e i g h t  d e t e r mi n e d  i n  S t e p  7 . 3 . 4  t o  d e t e r m i n e  t h e  w e i g h t
o f  t h e  w a s t e  s ampl e  t h a t  w i l l  be f i l t e r e d .
A t t a c h  a gas  l i n e  t o  t h e  g a s  i n l e t / o u t l e t  v a l v e  ( b o t t o m  f l a n g e )  
and,  w i t h  t h e  l i q u i d  i n l e t / o u t l e t  v a l v e  ( t o p  f l a n g e )  o p e n ,  b e g i n  a p p l y i n g  
g e n t l e  p r e s s u r e  o f  1 - 1 0  p s i g  ( o r  more i f  n e c e s s a r y )  t o  f o r c e  a l l  h e a d s p a c e  
s l o w l y  o u t  o f  t h e  ZHE d e v i c e  i n t o  a hood.  At  t h e  f i r s t  a p p e a r a n c e  o f
l i q u i d  f rom t h e  l i q u i d  i n l e t / o u t l e t  v a l v e ,  q u i c k l y  c l o s e  t h e  v a l v e  and
d i s c o n t i n u e  p r e s s u r e .  I f  f i l t r a t i o n  o f  t h e  w a s t e  a t  4°C r e d u c e s  t h e
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amount  o f  e x p r e s s e d  l i q u i d  o v e r  what  woul d be e x p r e s s e d  a t  room 
t e m p e r a t u r e ,  t h e n  a l l o w  t h e  s a mpl e  t o  warm up t o  room t e m p e r a t u r e  i n  t h e  
d e v i c e  b e f o r e  f i l t e r i n g .  I f  t h e  w a s t e  i s  100 % s o l i d  ( s e e  S t e p  7 . 1 . 1 ) ,  
s l o w l y  i n c r e a s e  t h e  p r e s s u r e  t o  a maximum o f  50 p s i g  t o  f o r c e  mos t  o f  t h e  
h e a d s p a c e  o u t  o f  t h e  d e v i c e  and p r o c e e d  t o  S t e p  7 . 3 . 1 2 .
7 . 3 . 9  A t t a c h  t h e  e v a c u a t e d  p r e - w e i g h e d  f i l t r a t e  c o l l e c t i o n  
c o n t a i n e r  t o  t h e  l i q u i d  i n l e t / o u t l e t  v a l v e  and open t h e  v a l v e .  Be g i n  
a p p l y i n g  g e n t l e  p r e s s u r e  o f  1 - 1 0  p s i g  t o  f o r c e  t h e  l i q u i d  p h a s e  o f  t h e  
s a mp l e  i n t o  t h e  f i l t r a t e  c o l l e c t i o n  c o n t a i n e r .  I f  no a d d i t i o n a l  l i q u i d  
has  p a s s e d  t h r o u g h  t h e  f i l t e r  i n  any 2 - m i n u t e  i n t e r v a l ,  s l o w l y  i n c r e a s e  
t h e  p r e s s u r e  in 1 0 - p s i g  i n c r e m e n t s  t o  a maximum o f  50 p s i g .  A f t e r  each  
i n c r e m e n t a l  i n c r e a s e  o f  10 p s i g ,  i f  no a d d i t i o n a l  l i q u i d  has  p a s s e d  
t h r o u g h  t h e  f i l t e r  i n  any 2 - m i n u t e  i n t e r v a l ,  p r o c e e d  t o  t h e  n e x t  1 0 - p s i g  
i n c r e m e n t .  When l i q u i d  f l o w  has c e a s e d  such t h a t  c o n t i n u e d  p r e s s u r e  
f i l t r a t i o n  a t  50 p s i g  d o e s  n o t  r e s u l t  in any a d d i t i o n a l  f i l t r a t e  w i t h i n  a 
2 - m i n u t e  p e r i o d ,  s t o p  t h e  f i l t r a t i o n .  C l o s e  t h e  l i q u i d  i n l e t / o u t l e t  
v a l v e ,  d i s c o n t i n u e  p r e s s u r e  t o  t h e  p i s t o n ,  and d i s c o n n e c t  and we i gh  t h e  
f i l t r a t e  c o l l e c t i o n  c o n t a i n e r .
NOTE: I n s t a n t a n e o u s  a p p l i c a t i o n  o f  h i gh  p r e s s u r e  c an  d e g r a d e  t h e
g l a s s  f i b e r  f i l t e r  and may c a u s e  p r e ma t ur e  p l u g g i n g .
7 . 3 . 1 0  The m a t e r i a l  i n  t h e  ZHE i s  d e f i n e d  as  t h e  s o l i d  p h a s e  o f  
t h e  s a mp l e  and t h e  f i l t r a t e  i s  d e f i n e d  as  t h e  l i q u i d  p h a s e .
NOTE: Some s a m p l e s ,  s u c h  a s  o i l y  w a s t e s  and some p a i n t  w a s t e s ,
w i l l  o b v i o u s l y  c o n t a i n  some m a t e r i a l  whi ch a p p e a r s  t o  be a l i q u i d .  
Even a f t e r  a p p l y i n g  p r e s s u r e  f i l t r a t i o n ,  t h i s  m a t e r i a l  w i l l  n o t  
f i l t e r .  I f  t h i s  i s  t h e  c a s e ,  t h e  m a t e r i a l  w i t h i n  t h e  f i l t r a t i o n  
d e v i c e  i s  d e f i n e d  as  a s o l i d ,  and i s  c a r r i e d  t h r o u g h  t h e  1312  
e x t r a c t i o n  as  a s o l i d .
I f  t h e  o r i g i n a l  w a s t e  c o n t a i n e d  < 0 . 5  % dry s o l i d s  ( s e e  S t e p  7 . 1 . 2 ) ,
t h i s  f i l t r a t e  i s  d e f i n e d  as  t h e  1312  e x t r a c t  and i s  a n a l y z e d  d i r e c t l y .
P r o c e e d  t o  S t e p  7 . 3 . 1 5 .
7 . 3 . 1 1  The l i q u i d  p h a s e  may now be e i t h e r  a n a l y z e d  i m m e d i a t e l y  
( s e e  S t e p s  7 . 3 . 1 3  t h r o u g h  7 . 3 . 1 5 )  or s t o r e d  a t  4°C under mi ni mal  h e ads pac e  
c o n d i t i o n s  u n t i l  t i m e  o f  a n a l y s i s .  De t e r mi ne  t h e  w e i g h t  o f  e x t r a c t i o n  
f l u i d  #3  t o  add t o  t h e  ZHE as  f o l l o w s :
We i ght  o f  e x t r a c t i o n  f l u i d  =
20 X % s o l i d s  ( S t e p  7 . 1 . 1 )  x w e i g h t  
o f  w a s t e  f i l t e r e d  ( S t e p  7 . 3 . 4  or  7 . 3 . 8 )
100
7 . 3 . 1 2  The f o l l o w i n g  s t e p s  d e t a i l  how t o  add t h e  a p p r o p r i a t e  
amount  o f  e x t r a c t i o n  f l u i d  t o  t h e  s o l i d  m a t e r i a l  w i t h i n  t h e  ZHE and 
a g i t a t i o n  o f  t h e  ZHE v e s s e l .  E x t r a c t i o n  f l u i d  #3  i s  u s e d  i n  a l l  e a s e s  
( s e e  S t e p  5 . 4 . 3 ) .
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7 . 3 . 1 2 . 1  With t h e  ZHE in t h e  v e r t i c a l  p o s i t i o n ,  a t t a c h  a 
l i n e  f rom t h e  e x t r a c t i o n  f l u i d  r e s e r v o i r  t o  t h e  l i q u i d  i n l e t / o u t l e t  
v a l v e .  The l i n e  used s h a l l  c o n t a i n  f r e s h  e x t r a c t i o n  f l u i d  and 
s h o u l d  be p r e f l u s h e d  w i t h  f l u i d  t o  e l i m i n a t e  any a i r  p o c k e t s  i n  t h e  
l i n e .  R e l e a s e  g a s  p r e s s u r e  on t h e  ZHE p i s t o n  ( f r om t h e  gas  
i n l e t / o u t l e t  v a l v e ) ,  open t h e  l i q u i d  i n l e t / o u t l e t  v a l v e ,  and b e g i n  
t r a n s f e r r i n g  e x t r a c t i o n  f l u i d  (by pumping or  s i m i l a r  means )  i n t o  
t h e  ZHE. Co n t i n u e  pumping e x t r a c t i o n  f l u i d  i n t o  t h e  ZHE u n t i l  t h e  
a p p r o p r i a t e  amount  o f  f l u i d  has  b e e n  i n t r o d u c e d  i n t o  t h e  d e v i c e .
7 . 3 . 1 2 . 2  A f t e r  t h e  e x t r a c t i o n  f l u i d  has  been ad de d ,  
i m m e d i a t e l y  c l o s e  t h e  l i q u i d  i n l e t / o u t l e t  v a l v e  and d i s c o n n e c t  t h e  
e x t r a c t i o n  f l u i d  l i n e .  Check t h e  ZHE t o  e n s u r e  t h a t  a l l  v a l v e s  are  
i n  t h e i r  c l o s e d  p o s i t i o n s .  Manua l l y  r o t a t e  t h e  d e v i c e  i n  an 
e n d - o v e r - e n d  f a s h i o n  2 or 3 t i m e s .  R e p o s i t i o n  t h e  ZHE i n  t h e  
v e r t i c a l  p o s i t i o n  wi t h  t h e  l i q u i d  i n l e t / o u t l e t  v a l v e  on t o p .  
P r e s s u r i z e  t h e  ZHE t o  5 - 1 0  p s i g  ( i f  n e c e s s a r y )  and s l o w l y  open t h e  
l i q u i d  i n l e t / o u t l e t  v a l v e  t o  b l e e d  o ut  any h e a d s p a c e  ( i n t o  a hood)  
t h a t  may have  been i n t r o d u c e d  due t o  t h e  a d d i t i o n  o f  e x t r a c t i o n  
f l u i d .  T h i s  b l e e d i n g  s h a l l  be  done  q u i c k l y  and s h a l l  be  s t o p p e d
a t  t h e  f i r s t  a p p e a r a n c e  o f  l i q u i d  f rom t h e  v a l v e .  R e - p r e s s u r i z e  
t h e  ZHE w i t h  5 - 1 0  p s i g  and c h e c k  a l l  ZHE f i t t i n g s  t o  e n s u r e  t h a t  
t h e y  a r e  c l o s e d .
7 . 3 . 1 2 . 3  P l a c e  t h e  ZHE i n  t h e  r o t a r y  e x t r a c t o r  a p p a r a t u s  
( i f  i t  i s  n o t  a l r e a d y  t h e r e )  and r o t a t e  a t  30 ±  2 rpm f o r  18 ±  2 
h o u r s .  Ambi ent  t e m p e r a t u r e  ( i . e . . t e m p e r a t u r e  o f  room i n whi ch  
e x t r a c t i o n  o c c u r s )  s h a l l  be  m a i n t a i n e d  a t  23 +  2°C d u r i n g  
a g i t a t i o n .
7 . 3 . 1 3  F o l l o w i n g  t h e  18 ±  2 hour a g i t a t i o n  p e r i o d ,  c h e c k  t h e  
p r e s s u r e  b e h i n d  t h e  ZHE p i s t o n  by q u i c k l y  o p e n i n g  and c l o s i n g  t h e  g a s
i n l e t / o u t l e t  v a l v e  and n o t i n g  t h e  e s c a p e  o f  g a s .  I f  t h e  p r e s s u r e  has  not
been m a i n t a i n e d  ( i . e . . no gas  r e l e a s e  o b s e r v e d ) ,  t h e  ZHE i s  l e a k i n g .  
Check t h e  ZHE f o r  l e a k i n g  as  s p e c i f i e d  i n  S t e p  4 . 2 . 1 ,  and p e r f o r m t h e  
e x t r a c t i o n  a g a i n  w i t h  a new s a mp l e  o f  w a s t e .  I f  t h e  p r e s s u r e  w i t h i n  t h e  
d e v i c e  has  been m a i n t a i n e d ,  t h e  m a t e r i a l  i n  t h e  e x t r a c t o r  v e s s e l  i s  o n c e  
a g a i n  s e p a r a t e d  i n t o  i t s  component  l i q u i d  and s o l i d  p h a s e s .  I f  t h e  w a s t e  
c o n t a i n e d  an i n i t i a l  l i q u i d  p h a s e ,  t h e  l i q u i d  may be f i l t e r e d  d i r e c t l y
i n t o  t h e  same f i l t r a t e  c o l l e c t i o n  c o n t a i n e r  ( i . e . . TEDLAR* bag)  h o l d i n g  t h e  
i n i t i a l  l i q u i d  p ha s e  o f  t h e  w a s t e .  A s e p a r a t e  f i l t r a t e  c o l l e c t i o n  
c o n t a i n e r  must  be  used i f  c omb i n i ng  woul d c r e a t e  m u l t i p l e  p h a s e s ,  or t h e r e  
i s  n o t  enough vol ume l e f t  w i t h i n  t h e  f i l t r a t e  c o l l e c t i o n  c o n t a i n e r .  
F i l t e r  t h r o u g h  t h e  g l a s s  f i b e r  f i l t e r ,  u s i n g  t h e  ZHE d e v i c e  a s  d i s c u s s e d  
in  S t e p  7 . 3 . 9 .  A l l  e x t r a c t s  s h a l l  be  f i l t e r e d  and c o l l e c t e d  i f  t h e  TEDLAR* 
bag i s  u s e d ,  i f  t h e  e x t r a c t  i s  m u l t i p h a s i c ,  or  i f  t h e  w a s t e  c o n t a i n e d  an 
i n i t i a l  l i q u i d  p h a s e  ( s e e  S t e p s  4 . 6  and 7 . 3 . 1 ) .
NOTE: An i n - l i n e  g l a s s  f i b e r  f i l t e r  may be u s e d  t o  f i l t e r  t h e
m a t e r i a l  w i t h i n  t h e  ZHE i f  i t  i s  s u s p e c t e d  t h a t  t h e  g l a s s  f i b e r  
f i l t e r  has  been  r u p t u r e d
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7 . 3 . 1 4  I f  t h e  o r i g i n a l  sampl e  c o n t a i n e d  no i n i t i a l  l i q u i d  p h a s e ,  
t h e  f i l t e r e d  l i q u i d  m a t e r i a l  o b t a i n e d  f rom S t e p  7 . 3 . 1 3  i s  d e f i n e d  as  t h e  
1 3 1 2  e x t r a c t .  I f  t h e  s ampl e  c o n t a i n e d  an i n i t i a l  l i q u i d  p h a s e ,  t h e  
f i l t e r e d  l i q u i d  m a t e r i a l  o b t a i n e d  from S t e p  7 . 3 . 1 3  and t h e  i n i t i a l  l i q u i d  
p h a s e  ( S t e p  7 . 3 . 9 )  a r e  c o l l e c t i v e l y  d e f i n e d  as  t h e  1312  e x t r a c t .
7 . 3 . 1 5  F o l l o w i n g  c o l l e c t i o n  o f  t h e  1312 e x t r a c t ,  i m m e d i a t e l y  
p r e p a r e  t h e  e x t r a c t  f o r  a n a l y s i s  and s t o r e  w i t h  mi ni mal  h e a d s p a c e  a t  4°C 
u n t i l  a n a l y z e d .  A n a l y z e  t h e  1312 e x t r a c t  a c c o r d i n g  t o  t h e  a p p r o p r i a t e  
a n a l y t i c a l  me t h o d s .  I f  t h e  i n d i v i d u a l  p h a s e s  a r e  t o  be a n a l y z e d  
s e p a r a t e l y  ( i . e . . a r e  n o t  m i s c i b l e ) ,  d e t e r m i n e  t h e  volume o f  t h e  
i n d i v i d u a l  p h a s e s  ( t o  0 . 5%) ,  conduc t  t h e  a p p r o p r i a t e  a n a l y s e s ,  and combine  
t h e  r e s u l t s  m a t h e m a t i c a l l y  by u s i n g  a s i m p l e  vo l ume -  w e i g h t e d  a v e r a g e :
( V i )  ( C l )  +  ( V j )  ( C z )
F i n a l  A n a l y t e
C o n c e n t r a t i o n  V i +  V?
whe r e :
Vi =  The vo l ume  o f  t h e  f i r s t  p h a s e s  ( L ) .
Cl =  The c o n c e n t r a t i o n  o f  t h e  a n a l y t e  o f  c o n c e r n  i n  t h e  f i r s t  p h a s e  ( mg/ L) .  
Vj =  The v o l u me  o f  t h e  s e c o n d  p ha s e  ( L ) .
Cz =  The c o n c e n t r a t i o n  o f  t h e  a n a l y t e  o f  c o n c e r n  i n  t h e  s e c o n d  phas e
( m g / L ) .
7 . 3 . 1 6  Compare t h e  a n a l y t e  c o n c e n t r a t i o n s  i n  t h e  1312 e x t r a c t  wi t h  
t h e  l e v e l s  i d e n t i f i e d  i n  t h e  a p p r o p r i a t e  r e g u l a t i o n s .  Re f e r  t o  St ep  8 . 0  
f o r  q u a l i t y  a s s u r a n c e  r e q u i r e m e n t s .
8 . 0  OUALITY CONTROL
8 . 1  A minimum o f  one b l a nk  ( u s i n g  t h e  same e x t r a c t i o n  f l u i d  as  used f o r  
t h e  s a m p l e s )  f o r  e v e r y  20 e x t r a c t i o n s  t h a t  have  been c o n d u c t e d  i n  an e x t r a c t i o n  
v e s s e l .  R e f e r  t o  Cha p t e r  One f o r  a d d i t i o n a l  q u a l i t y  c o n t r o l  p r o t o c o l s .
8 . 2  A m a t r i x  s p i k e  s h a l l  be pe r f or me d  f o r  e a c h  w a s t e  t y p e  ( e . g . . 
w a s t e w a t e r  t r e a t m e n t  s l u d g e ,  c o n t a mi n a t e d  s o i l ,  e t c . )  u n l e s s  t h e  r e s u l t  e x c e e d s  
t h e  r e g u l a t o r y  l e v e l  and t h e  dat a  i s  b e i n g  us e d  s o l e l y  t o  d e m o n s t r a t e  t h a t  t h e
w a s t e  p r o p e r t y  e x c e e d s  t h e  r e g u l a t o r y  l e v e l .  A minimum o f  one  ma t r i x  s p i k e  must
be  a n a l y z e d  f o r  e a c h  a n a l y t i c a l  b a t c h .  As a minimum,  f o l l o w  t h e  m a t r i x  s p i k e  
a d d i t i o n  g u i d a n c e  p r o v i d e d  i n  e ac h  a n a l y t i c a l  met hod.
8 . 2 . 1  Mat r i x  s p i k e s  a r e  t o  be added a f t e r  f i l t r a t i o n  o f  t h e  1312  
e x t r a c t  and b e f o r e  p r e s e r v a t i o n .  Mat r i x  s p i k e s  s h o u l d  not  be added p r i o r  
t o  1312  e x t r a c t i o n  o f  t h e  s a mp l e .
8 . 2 . 2  In m o s t  c a s e s ,  m a t r i x  s p i k e  l e v e l s  s h o u l d  be added a t  a 
c o n c e n t r a t i o n  e q u i v a l e n t  t o  t h e  c o r r e s p o n d i n g  r e g u l a t o r y  l e v e l .  I f  t h e  
a n a l y t e  c o n c e n t r a t i o n  i s  l e s s  t han  one h a l f  t h e  r e g u l a t o r y  l e v e l ,  t h e
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s p i k e  c o n c e n t r a t i o n  may be as  l ow a s  one  h a l f  o f  t h e  a n a l y t e  
c o n c e n t r a t i o n ,  but  may n o t  be l e s s  t h a n  f i v e  t i m e s  t h e  method d e t e c t i o n  
l i m i t .  In o r d e r  t o  a v o i d  d i f f e r e n c e s  i n  m a t r i x  e f f e c t s ,  t h e  ma t r i x  s p i k e s  
must  be added t o  t h e  same nominal  volume o f  1312 e x t r a c t  as  t h a t  which was 
a n a l y z e d  f o r  t h e  u n s p i k e d  s a mp l e .
8 . 2 . 3  The p u r p o s e  o f  t h e  m a t r i x  s p i k e  i s  t o  mo n i t o r  t h e  
p e r f o r ma n c e  o f  t h e  a n a l y t i c a l  met hods  u s e d ,  and t o  d e t e r m i n e  whe t he r  
m a t r i x  i n t e r f e r e n c e s  e x i s t .  Use o f  o t h e r  i n t e r n a l  c a l i b r a t i o n  me t hods ,  
m o d i f i c a t i o n  o f  t h e  a n a l y t i c a l  me t h o d s ,  or  u s e  o f  a l t e r n a t e  a n a l y t i c a l  
met hods  may be ne e d e d  t o  a c c u r a t e l y  me a s u r e  t h e  a n a l y t e  c o n c e n t r a t i o n  in 
t h e  131 2  e x t r a c t  when t h e  r e c o v e r y  o f  t h e  m a t r i x  s p i k e  i s  be l ow t h e  
e x p e c t e d  a n a l y t i c a l  method p e r f o r m a n c e .
8 . 2 . 4  Ma t r i x  s p i k e  r e c o v e r i e s  a r e  c a l c u l a t e d  by t h e  f o l l o w i n g  
f o r mul a  :
where  :
%R (% R e c o v e r y )  =  100 (X,  - X„) /  K
X; = me a s u r e d  v a l u e  f o r  t h e  s p i k e d  s a mp l e
Xu = me a s u r e d  v a l u e  f o r  t h e  u n s p i k e d  s a m p l e ,  and
K = known v a l u e  o f  t h e  s p i k e  i n  t h e  s a m p l e .
8 . 3  Al l  q u a l i t y  c o n t r o l  me as ur e s  d e s c r i b e d  i n  t h e  a p p r o p r i a t e  a n a l y t i c a l  
me t h o d s  s h a l l  be  f o l l o w e d .
8 . 4  The u s e  o f  i n t e r n a l  c a l i b r a t i o n  q u a n t i t a t i o n  met hods  s h a l l  be  
empl oye d  f o r  a m e t a l l i c  c o n t a m i n a n t  i f :  ( 1 )  Re c o v e r y  o f  t h e  c on t a mi n a n t  from t h e
13 1 2  e x t r a c t  i s  not  a t  l e a s t  50% and t h e  c o n c e n t r a t i o n  does  n o t  e x c e e d  t h e
a p p r o p r i a t e  r e g u l a t o r y  l e v e l ,  and ( 2 )  The c o n c e n t r a t i o n  o f  t h e  c o n t a mi n a n t
me a s u r e d  i n  t h e  e x t r a c t  i s  w i t h i n  20% o f  t h e  a p p r o p r i a t e  r e g u l a t o r y  l e v e l .
8 . 4 . 1 .  The method o f  s t a n d a r d  a d d i t i o n s  s h a l l  be empl oyed  as t h e  
i n t e r n a l  c a l i b r a t i o n  q u a n t i t a t i o n  met hod f o r  e a c h  m e t a l l i c  c o n t a m i n a n t .
8 . 4 . 2  The method o f  s t a n d a r d  a d d i t i o n s  r e q u i r e s  p r e p a r i n g  
c a l i b r a t i o n  s t a n d a r d s  i n  t h e  s a mpl e  m a t r i x  r a t h e r  t h a n  r e a g e n t  wa t e r  or  
bl ank  s o l u t i o n .  I t  r e q u i r e s  t a k i n g  f o u r  i d e n t i c a l  a l i q u o t s  o f  t h e  
s o l u t i o n  and a d di n g  known amounts  o f  s t a n d a r d  t o  t h r e e  o f  t h e s e  a l i q u o t s .
The f o r t h  a l i q u o t  i s  t h e  unknown.  P r e f e r a b l y ,  t h e  f i r s t  a d d i t i o n  s h o u l d
be p r e p a r e d  s o  t h a t  t h e  r e s u l t i n g  c o n c e n t r a t i o n  i s  a p p r o x i m a t e l y  50% o f  
t h e  e x p e c t e d  c o n c e n t r a t i o n  o f  t h e  s a m p l e .  The s e c o n d  and t h i r d  a d d i t i o n s  
s h o u l d  be p r e p a r e d  s o  t h a t  t h e  c o n c e n t r a t i o n s  a r e  a p p r o x i m a t e l y  100% and 
150% of  t h e  e x p e c t e d  c o n c e n t r a t i o n  o f  t h e  s a m p l e .  A l l  f o u r  a l i q u o t s  a r e  
m a i n t a i n e d  a t  t h e  same f i n a l  vol ume by a d d i n g  r e a g e n t  wa t e r  or  a b l a n k  
s o l u t i o n ,  and may n e e d  d i l u t i o n  a d j u s t m e n t  t o  m a i n t a i n  t h e  s i g n a l s  in t h e  
l i n e a r  r ange  o f  t h e  i n s t r u m e n t  t e c h n i q u e .  A l l  f o u r  a l i q u o t s  a r e  a n a l y z e d .
8 . 4 . 3  P r e p a r e  a p l o t ,  or  s u b j e c t  d a t a  t o  l i n e a r  r e g r e s s i o n ,  o f  
i n s t r u m e n t  s i g n a l s  o r  e x t e r n a l  - c a l i b r a t i o n - d e r i v e d  c o n c e n t r a t i o n s  as  t h e  
d e p e n d a n t  v a r i a b l e  ( y - a x i s )  v e r s u s  c o n c e n t r a t i o n s  o f  t he  a d d i t i o n s  o f  
s t a n d a r d s  as  t h e  i n d e p e n d e n t  v a r i a b l e  ( x - a x i s ) .  S o l v e  f o r  t h e  i n t e r c e p t
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o f  t h e  a b s c i s s a  ( t h e  i n d e p e n d e n t  v a r i a b l e ,  x - a x i s )  whi ch  i s  t h e  c o n c e n t r a ­
t i o n  i n  t h e  unknown.
8 . 4 . 4  A l t e r n a t e l y ,  s u b t r a c t  t h e  i n s t r u m e n t a l  s i g n a l  or e x t e r n a l - 
c a l i b r a t i o n - d e r i v e d  c o n c e n t r a t i o n  o f  t h e  unknown ( u n s p i k e d )  s ampl e  f rom  
t h e  i n s t r u m e n t a l  s i g n a l s  or  e x t e r n a l - c a l i b r a t i o n - d e r i v e d  c o n c e n t r a t i o n s  o f  
t h e  s t a n d a r d  a d d i t i o n s .  P l o t  or  s u b j e c t  t o  l i n e a r  r e g r e s s i o n  o f  t h e  
c o r r e c t e d  i n s t r u m e n t  s i g n a l s  o r  e x t e r n a l - c a l i b r a t i o n - d e r i v e d  c o n c e n t r a ­
t i o n s  a s  t h e  d e p e n d a n t  v a r i a b l e  v e r s u s  t h e  i n d e p e n d e n t  v a r i a b l e .  D e r i v e  
c o n c e n t r a t i o n s  f o r  t h e  unknowns u s i n g  t h e  i n t e r n a l  c a l i b r a t i o n  curve  as  i f  
i t  we r e  an e x t e r n a l  c a l i b r a t i o n  c u r v e .
8 . 5  
p e r i  o d s :
Sampl es  must  under go  131 2  e x t r a c t i o n  w i t h i n  t h e  f o l l o w i n g  t i m e
SAMPLE MAXIMUM HOLDING TIMES ( d a v s )
From: F i e l d  
Col 1e c -  
t i o n
To: 1312  
e x t r a c ­
t i o n
From: 1312
e x t r a c ­
t i  on
To:  Pr e pa r a -  
t i  ve 
e x t r a c ­
t i o n
From: P r e p a r a -  
t i  ve  
e x t r a c ­
t i  on
To: D e t e r mi -  
n a t i  ve  
a n a l y s i s
Tot a l
E l a p s e d
Time
V o l a t i l e s 14 NA 14 28
Semi - 
v o l a t i l e s 14 7 40 61
Mercury 28 NA 28 56
M e t a l s ,
e x c e p t
me r c ur y
180 NA 180 3 6 0
NA =  Not  A p p l i c a b l e
I f  s a mp l e  h o l d i n g  t i m e s  a r e  e x c e e d e d ,  t h e  v a l u e s  o b t a i n e d  w i l l  be  c o n s i d e r e d  
mi ni mal  c o n c e n t r a t i o n s .  E x c e e d i n g  t h e  h o l d i n g  t i m e  i s  n o t  a c c e p t a b l e  i n  
e s t a b l i s h i n g  t h a t  a w a s t e  d o e s  n o t  e x c e e d  t h e  r e g u l a t o r y  l e v e l .  E x c e e d i n g  t h e  
h o l d i n g  t i me  w i l l  n o t  i n v a l i d a t e  c h a r a c t e r i z a t i o n  i f  t h e  w a s t e  e x c e e d s  t h e  
r e g u l a t o r y  l e v e l .
9 . 0  METHOD PERFORMANCE
9 . 1  P r e c i s i o n  r e s u l t s  f o r  s e m i - v o l a t i 1 e s  and m e t a l s :  An e a s t e r n  s o i l
w i t h  h i g h  o r g a n i c  c o n t e n t  and a w e s t e r n  s o i l  w i t h  l ow o r g a n i c  c o n t e n t  wer e  u s e d  
f o r  t h e  s e m i - v o l a t i l e  and me t a l  l e a c h i n g  e x p e r i m e n t s .  Bot h t y p e s  o f  s o i l  wer e  
a n a l y z e d  p r i o r  t o  c o n t a m i n a n t  s p i k i n g .  The r e s u l t s  a r e  shown i n  Ta b l e  6 .  The 
c o n c e n t r a t i o n  o f  c o n t a m i n a n t s  l e a c h e d  f rom t h e  s o i l s  were  r e p r o d u c i b l e ,  a s  shown
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by t h e  mo d e r a t e  r e l a t i v e  s t a n d a r d  d e v i a t i o n s  (RSDs)  o f  t h e  r e c o v e r i e s  ( a v e r a g i n g  
29% f o r  t h e  compounds and e l e m e n t s  a n a l y z e d ) .
9 . 2  P r e c i s i o n  r e s u l t s  f o r  v o l a t i l e s :  Four d i f f e r e n t  s o i l s  were s p i k e d
and t e s t e d  f o r  t h e  e x t r a c t i o n  o f  v o l a t i l e s .  S o i l s  One and Two we r e  from w e s t e r n  
and e a s t e r n  Sup e r f u nd  s i t e s .  S o i l s  Th r e e  and Four we r e  m i x t u r e s  o f  a w e s t e r n  
s o i l  w i t h  l ow o r g a n i c  c o n t e n t  and two d i f f e r e n t  m u n i c i p a l  s l u d g e s .  The r e s u l t s  
a r e  shown i n  Ta b l e  7 .  E x t r a c t  c o n c e n t r a t i o n s  o f  v o l a t i l e  o r g a n i c s  f rom t h e  
e a s t e r n  s o i l  wer e  l ower  t han from t h e  w e s t e r n  s o i l .  R e p l i c a t e  l e a c h i n g s  o f  S o i l s  
Th r e e  and Four showed l o we r  p r e c i s i o n  t h a n  t h e  l e a c h a t e s  f rom t h e  S up e r f u nd  
s o i  1s .
1 0 . 0  REFERENCES
1.  En v i r o n me n t a l  Mo n i t o r i n g  S ys t e ms  L a b o r a t o r y ,  " Pe r f o r ma n c e  T e s t i n g  o f
Method 1312;  QA Suppor t  f o r  RCRA T e s t i n g :  P r o j e c t  R e p o r t " .  EPA/ 6 0 0 / 4 -
8 9 / 0 2 2 .  EPA C o n t r a c t  6 8 - 0 3 - 3 2 4 9  t o  Lockheed E n g i n e e r i n g  and S c i e n c e s  
Company,  June  1989 .
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Ta b l e  1.  V o l a t i l e  A n a l y t e s '
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Compound CAS No.
A c e t o n e
Be nz e ne
n - B u t y l  a l c o h o l  
Carbon d i s u l f i d e  
Carbon t e t r a c h l o r i d e  
C h i o r o b e n z e n e  
Chl o r o f o r m
1 . 2 - D i c h l o r o e t h a n e
1 , 1 - D i c h l o r o e t h y l e n e  
Et hyl  a c e t a t e  
Et hyl  b e n z e n e  
Et hyl  e t h e r  
I s o b u t a n o l  
Met hanol
Me t h y l e n e  c h l o r i d e  
Methyl  e t h y l  k e t o n e  
Met hyl  i s o b u t y l  k e t o n e  
T e t r a c h l o r o e t h y l e n e  
T o i uene
1 , 1 , 1 , - T r i c h l o r o e t h a n e  
T r i c h l o r o e t h y l e n e  
T ri  c h i  o r o f 1u o r o me t ha ne
1 . 1 . 2 - T r i c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e  
Vi nyl  c h l o r i d e
Xy l e n e
67
71
71
75
56
108
67
107  
75
141
100
60
78
67
75
78
108  
127 
108
71
79
75
76 
75
1330
- 6 4 - 1
- 4 3 - 2
- 3 6 - 3
1 5 - 0
2 3 - 5
- 9 0 - 7
- 6 6 - 3
0 6 - 2
■35-4
7 8 - 6
• 4 1 - 4
• 29 - 7
• 8 3 - 1
5 6 - 1
09  
93
10 
18  
88 
55 
01 - 6  
6 9 - 4  
1 3 - 1  
0 1 - 4  
2 0 - 7
' When t e s t i n g  f o r  any or  a l l  o f  t h e s e  a n a l y t e s ,  t h e  z e r o - h e a d s p a c e  e x t r a c t o r  
v e s s e l  s h a l l  be used  i n s t e a d  o f  t h e  b o t t l e  e x t r a c t o r .
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T a b l e  2 .  S u i t a b l e  Ro t a r y  A g i t a t i o n  A p p a r a t u s '
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Company L o c a t i o n Model  No.
A n a l y t i c a l  T e s t i n g  and 
C o n s u l t i n g  S e r v i c e s ,  
I n c .
W a r r i n g t o n .  PA 
( 2 1 5 )  3 4 3 - 4 4 9 0
4 - v e s s e l
8 - v e s s e l
1 2 - v e s s e l
e x t r a c t o r  (DC20S);  
e x t r a c t o r  (DC20):  
e x t r a c t o r  (DC20B)
A s s o c i a t e d  D e s i g n  and 
M a n u f a c t u r i n g  Company
A l e x a n d r i a ,  VA 
( 7 0 3 )  5 4 9 - 5 9 9 9
2 - v e s s e l
4 - v e s s e l
6 - v e s s e l
8 - v e s s e l
1 2 - v e s s e l
2 4 - v e s s e l
( 3 7 4 0 - 2 ) :
( 3 7 4 0 - 4 ) ;
( 3 7 4 0 - 6 ) ;
( 3 7 4 0 - 8 ) ;
( 3 7 4 0 - 1 2 ) ;
( 3 7 4 0 - 2 4 )
En v i r o n me n t a l  Machi ne  and 
D e s i g n ,  I n c .
Lynchburg ,  VA 
( 8 0 4 )  8 4 5 - 6 4 2 4
8 - v e s s e l
4 - v e s s e l
( 0 8 - 0 0 - 0 0 )
( 0 4 - 0 0 - 0 0 )
IRA Mac hi ne  Shop and 
L a b o r a t o r y
S a n t u r c e ,  PR 
( 8 0 9 )  7 5 2 - 4 0 0 4
8 - v e s s e l ( 0 1 1 0 0 1 )
Lars  Lande M a n u f a c t u r i n g Whi tmore  Lake ,  MI 
( 3 1 3 )  4 4 9 - 4 1 1 6
1 0 - v e s s e l
5 - v e s s e l
(lOVRE)
(5VRE)
M i l l i p o r e  Corp. B e d f o r d ,  MA 
( 8 0 0 )  2 2 5 - 3 3 8 4
4-ZHE or  
4 1 - l i t e r  
b o t t l e  e x t r a c t o r  
(YT300RAHW)
' Any d e v i c e  t h a t  r o t a t e s  t h e  e x t r a c t i o n  v e s s e l  i n  an e n d - o v e r - e n d  f a s h i o n  a t  30 
±2  rpm i s  a c c e p t a b l e .
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T a b l e  3 .  S u i t a b l e  Z e r o - H e a d s p a c e  E x t r a c t o r  V e s s e l s '
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Company L o c a t i  on Model  No.
A n a l y t i c a l  T e s t i n g  & 
C o n s u l t i n g  S e r v i c e s ,  Inc .
A s s o c i a t e d  De s i gn  and 
M a n u f a c t u r i n g  Company
Lars  Lande Manuf ac t ur i ng?
M i l l i p o r e  C o r p o r a t i o n
W a r r i n g t o n ,  PA 
( 2 1 5 )  3 4 3 - 4 4 9 0
A l e x a n d r i a ,  VA 
( 7 0 3 )  5 4 9 - 5 9 9 9
Whi tmore Lake ,  MI 
( 3 1 3 )  4 4 9 - 4 1 1 6
B e d f o r d ,  MA 
( 8 0 0 )  2 2 5 - 3 3 8 4
C102,  Me c h a n i c a l  
P r e s s u r e  D e v i c e
3745- ZHE,  Gas 
P r e s s u r e  D e v i c e
ZHE-11,  Gas 
P r e s s u r e  D e v i c e
YT30090HW, Gas 
P r e s s u r e  D e v i c e
E n v i r o n me n t a l  Machi ne  
and D e s i g n ,  I n c .
Lynchburg ,  VA 
( 8 0 4 )  8 4 5 - 6 4 2 4
VOLA-TOXl,  Gas 
P r e s s u r e  D e v i c e
' Any d e v i c e  t h a t  me e t s  t h e  s p e c i f i c a t i o n s  l i s t e d  i n  S t e p  4 . 2 . 1  o f  t h e  method i s  
s u i t a b l e .
? T h i s  d e v i c e  u s e s  a 110 mm f i l t e r .
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T a b l e  4 .  S u i t a b l e  F i l t e r  H o l d e r s '
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Company L o c a t i  on
Model /  
C a t a l o g u e  # S i z e
N u c l e o p o r e  C o r p o r a t i o n P l e a s a n t o n ,  CA 
( 8 0 0 )  8 8 2 - 7 7 1 1
425910
4 1 0 4 0 0
142 mm 
47 mm
Mi c r o  F i l t r a t i o n  
S y s t e m s
D u b l i n ,  CA 
( 8 0 0 )  3 3 4 - 7 1 3 2  
( 4 1 5 )  8 2 8 - 6 0 1 0
302400
311400
142 mm 
47 mm
M i l l i p o r e  C o r p o r a t i o n B e d f o r d ,  MA 
( 8 0 0 )  2 2 5 - 3 3 8 4
YT30142HW
XX1004700
142 mm 
47 mm
' Any d e v i c e  c a p a b l e  o f  s e p a r a t i n g  t h e  l i q u i d  f rom t h e  s o l i d  p h a s e  o f  t h e  wa s t e  
i s  s u i t a b l e ,  p r o v i d i n g  t h a t  i t  i s  c h e m i c a l l y  c o m p a t i b l e  w i t h  t h e  w a s t e  and t h e  
c o n s t i t u e n t s  t o  be a n a l y z e d .  P l a s t i c  d e v i c e s  ( n o t  l i s t e d  a b o v e )  may be used when 
o n l y  i n o r g a n i c  a n a l y t e s  a r e  o f  c o n c e r n .  The 142 mm s i z e  f i l t e r  h o l d e r  i s  
recommended.
Tabl  e 5.  S u i t a b l e  F i l t e r  Media'
Company L o c a t i o n Model
Pore  
Si  z e  
(v»m)
M i l l i p o r e  C o r p o r a t i o n B e d f o r d ,  MA 
( 8 0 0 )  2 2 5 - 3 3 8 4
AP40 0 . 7
N u c l e o p o r e  C o r p o r a t i o n P l e a s a n t o n ,  CA 
( 4 1 5 )  4 6 3 - 2 5 3 0
211625 0 . 7
Whatman La b o r a t o r y  
P r o d u c t s ,  I n c .
C l i f t o n ,  NJ 
( 2 0 1 )  7 7 3 - 5 8 0 0
GFF 0 . 7
Mi c r o  F i l t r a t i o n  
S y s t e m s
D u b l i n ,  CA 
( 8 0 0 )  3 3 4 - 7 1 3 2  
( 4 1 5 )  8 2 8 - 6 0 1 0
GF75 0 . 7
' Any f i l t e r  t h a t  me e t s  t h e  s p e c i f i c a t i o n s  i n  S t e p  4 . 4  o f  t h e  Method i s  s u i t a b l e .
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TABLE 6 - METHOD 1312 PRECISION RESULTS FOR SEMI-VOLATILES AND METALS
Eastern Soil (pH 4.2) Western Soil (pH 5.0)
FORTIFIED ANALYTES
Amount
Spiked
(ng)
Amount
Recovered*
(ug)
% RSD
Amount
Recovered*
(ug)
% RSD
bis(2-chloroethyl)-
ether 1040 834 12.5 616 14.2
2-Chlorophenol 1620 1010 6.8 525 54. 9
1,4-Dichlorobenzene 2000 344 12.3 272 34.6
1,2-Dichlorobenzene 8920 1010 8.0 1520 28.4
2-Methylphenol 3940 1860 7.7 1130 32.6
Nitrobenzene 1010 812 10.0 457 21.3
2,4-Dimethylphenol 1460 200 18.4 18 87.6
Hexachlorobutadiene 6300 95 12.9 280 22.8
Acenaphthene 3640 210 8.1 310** 7.7
2,4-Dinitrophenol 1300 896** 6.1 23** 15.7
2,4-Dinitrotoluene 1900 1150 5.4 585 54.4
Hexachlorobenzene 1840 3.7 12.0 10 173.2
gamma BHC (Lindane) 7440 230 16.3 1240 55.2
beta BHC 640 35 13.3 65.3 51.7
METALS
Lead 5000 70 4.3 10 51.7
Cadmium 1000 387 2.3 91 71.3
* = Triplicate analyses.
** = Duplicate analyses; one value was rejected as an outlier at the 90%
confidence level using the Dixon Q test.
CD-ROM 1312 - 26 R e v i s i o n  0 
S e p t e mb e r  1994
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 7 - METHOD 1312 PRECISION RESULTS FOR VOLATILES
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Soil No. 1
(Western)
Soil No. 2
(Eastern)
Soil No. 3 
(Western and 
Sludge)
Soil No. 4 
(Western and 
Sludge)
Compound Name
Avg. 
%Rec.* %RSD
Avg. 
%Rec.* %RSD
Avg
%Rec.** %RSD %Rec.
Avg. 
*** %B
Acetone 44.0 12.4 43.8 2.25 116.0 11.5 21.3 71.4
Acrylonitrile 52.5 68.4 50.5 70.0 49.3 44.9 51.8 4.6
Benzene 47.8 8.29 34.8 16.3 49.8 36.7 33.4 41.1
n-Butyl Alcohol 
(1-Butanol) 55.5 2.91 49.2 14.6 65.5 37.2 73.0 13.9
Carbon disulfide 21.4 16.4 12.9 49.5 36.5 51.5 21.3 31.5
Carbon tetrachloride 40.6 18. 6 22.3 29.1 36.2 41.4 24.0 34.0
Chlorobenzene 64.4 6.76 41.5 13.1 44.2 32.0 33.0 24.9
Chloroform 61.3 8.04 54.8 16.4 61.8 29.1 45.8 38.6
1,2-Dichloroethane 73.4 4.59 68.7 11.3 58.3 33.3 41.2 37.8
1,1-Dichloroethane 31.4 14.5 22.9 39.3 32.0 54.4 16.8 26.4
Ethyl acetate 76.4 9.65 75.4 4.02 23.0 119.8 11.0 115.5
Ethylbenzene 56.2 9.22 23.2 11.5 37.5 36.1 27.2 28.6
Ethyl ether 48.0 16.4 55.1 9.72 37.3 31.2 42.0 17.6
Isobutanol (4-Methyl 
-1-propanol) 0.0 NO 0.0 ND 61.8 37.7 76.0 12.2
Methylene chloride 47.5 30.3 42.2 42.9 52.0 37.4 37.3 16. 6
Methyl ethyl ketone 
(2-Butanone) 56.7 5.94 61.9 3.94 73.7 31.3 40.6 39.0
Methyl isobutyl 
ketone 81.1 10.3 88.9 2.99 58.3 32.6 39.8 40.3
1,1,1,2-Tetrachloro- 
ethane 69.0 6.73 41.1 11.3 50.8 31.5 36.8 23.8
1,1,2,2-Tetrachloro- 
ethane 85.3 7.04 58.9 4.15 64.0 25.7 53.6 15.8
Tetrachloroethene 45.1 12.7 15.2 17.4 26.2 44.0 18.6 24.2
Toluene 59.2 8.06 49.3 10.5 45.7 35.2 31.4 37.2
1,1,1-Trichloro- 
ethane 47.2 16.0 33.8 22.8 40.7 40.6 26.2 38.8
1,1,2-Trichloro- 
ethane 76.2 5.72 67.3 8.43 61.7 28.0 46.4 25.4
Trichloroethene 54.5 11.1 39.4 19.5 38.8 40.9 25.6 34.1
Trichloro-
fluoromethane 20.7 24.5 12.6 60.1 28.5 34.0 19.8 33.9
1,1,2-Trichloro- 
trifluoroethane 18.1 26.7 6.95 58.0 21.5 67.8 15.3 24.8
Vinyl chloride 10.2 20.3 7.17 72.8 25.0 61.0 11.8 25.4
* Triplicate analyses
** Six replicate analyses
*** Five replicate analyses
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Motor 
(30± 2 rpm) Extraction Vessel Holder
F i g u r e  1.  Rot ar y  A g i t a t i o n  Ap p a r a t u s  
Liquid InleVOutlet Valve
Tbp Flange
Support Screen—^  —
Filter^ 
Support Screen
Sample :
Pfetori
Gas
Bottom Range
Pressurized Gas 
Inlet/Outlet Valve Pressure
Gauge
F i g u r e  2 .  Z e r o - He a d s p a c e  E x t r a c t o r  (ZHE)
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METHOD 1312  
SYNTHETIC PRECIPITATION LEACHING PROCEDURE
S ta rt
< 0 .5 % > 0 .5 % LiquidCalculate 
%  «olida.Solid
100%  Solid SolidLiquid
particle
reduction
required?
No
Stop
A naivzs filtra te .
D iscard
Solids
Select
rep resen ta tive
sam ple.
S e p a ra te  liquids 
from  so lids.
S ep ara te  liquids 
from  solids, 
filtrate 
becom es SPLP 
ex trac t.
Extract w / 
appropria te  fluid via:
1. Bottle ex trac tion  
for non<volat<ies,
2 . ZHE for volatile#.
Reduce particle 
size to < 9 .5  mm.
P repare  filtra te  
according to 
appropria te  
m ethods.
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METHOD 1312
SYNTHETIC PRECIPITATION LEACHING PROCEDURE ( c o n t i n u e d )
Solid*
Extract
No
S top
ex tra c t 
com patible 
w ith initial 
liquid 
V ph ase?  w
Analyze ex trac t.
D iscard
Solids
Com bine ex trac t 
w ith liquid phase  
of w aste .
S epara te  liquids 
from  so lids.
P repare ex tra c t 
accord ing  to  
appropriate  
m ethods.
P repare and analyze 
each  liquid 
separate ly , 
m athem atically  
com bine resu lts .
^  S top  ^
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APPENDIX E 
RUNOFF AND SOIL RAW DATA
1 4 2
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Suppressant name
Nitrate-N
(mg/1)
Sulfate
(mg/1)
Phosphate-P
(lig/1)
Cyanide
(Hg/1)
Sulfide
(mg/1)
Dust Gard 0.75 52.50 9.36 0.0 0.02
Control Plot 1.60 9.00 90.02 0.0 0.04
Poly-Bond 1.80 24.50 24.99 1.0 0.02
Dustac 4.50 36.00 23.01 0.5 0.04
Soil Sement 3.40 18.00 56.34 2.0 0.00
Plas-Bond 1.05 38.00 19.02 0.0 0.02
EK35 1.00 11.00 5.71 3.0 0.12
Enviro-tac 3.10 52.00 2.86 1.0 0.01
Topein 3.35 9.00 6.07 0.5 0.02
Road Pro 5.10 2.00 23.93 0.0 0.08
Road Oyl 0.00 3.00 8.58 0.0 0.20
Coherex 0.05 134.00 10.00 1.0 0.17
Suppressant name
Ammonia-N
(mg/1)
TS
(mg/1)
ID S
(mg/1)
TSS
(mg/1)
TVS
(mg/1)
Dust Gard 0.145 9982.5 272.5 9677.5 9322.5
Control Plot 0.750 6305 272.5 5757.5 5867.5
Poly-Bond 0.320 4355 312.5 3897.5 3982.5
Dustac 0.090 2150.0 497.5 1605.0 1790
Soil Sement 0.480 1970 320.0 1400.0 1732.5
Plas-Bond 0.045 2635 1332.5 1317.5 2425
EK35 0.020 3790 1052.5 2835.0 3037.5
Enviro-tac 0.395 2472.5 438.1 1340.0 1502.5
Topein 0.000 2720 285.0 2325.0 2380
Road Pro 0.660 2602.5 445.0 2220.0 2237.5
Road Oyl 6.500 1308 245.0 1042.5 1120
Coherex 8.500 2593 997.5 1742.5 1967.5
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Suppressant name
COD
(mg/1)
BOD
(mg/1)
Chloride
(mg/1)
Salinity
(PPt)
pH
(units)
Dust Gard 10.0 0.00 42.79 0.185 8.765
Control Plot 7.5 0.00 3.74 0.091 8.520
Poly-Bond 26.0 2.25 8.03 0.149 8.153
Dustac 345.0 0.75 9.51 0.277 7.612
Soil Sement 31.0 8.10 20.12 0.168 8.555
Plas-Bond 21.0 2.85 6.55 0.843 8.232
EK35 915.0 42.00 34.40 0.511 6.786
Enviro-tac 1290.0 14.40 16.93 0.271 7.780
Topein 106.3 6.30 39.73 0.204 8.665
Road Pro 243.9 7.80 3.94 0.193 7.954
Road Oyl 318.0 8.70 3.12 0.107 8.732
Coherex 748.0 39.00 6.66 0.384 7.590
Suppressant name Conductivity
(pS)
Hardness 
(mg/1 as CaC03)
Alkalinity 
(mg/1 as CaCOj)
Coliform
(MPN/lOOml)
Turbidity
(FAU)
Dust Gard 313.05 120 24 120 7935
Control Plot 156.35 40 42 40 8100
Poly-Bond 253.20 80 50 80 5670
Dustac 463.05 160 59 160 2185
Soil Sement 284.10 80 36 80 2390
Plas-Bond 1349.00 860 20 860 1910
EK35 836.00 250 124 250 2715
Enviro-tac 453.00 320 232 320 1730
Topein 343.70 90 40 90 3240
Road Pro 325.15 120 70 120 3102
Road Oyl 183.95 60 54 60 1494
Coherex 634.00 340 146 340 2096
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Supressant name B
(PPb)
A1
(PPb)
Cr
(PPb)
Mn
(ppb)
Ni
(ppb)
Cu
(ppb)
Zn
(ppb)
As
(ppb)
Dust Gard 466.37 357.67 0.76 8.32 0.26 1.49 3.26 1.79
Control Plot 89.18 577.70 1.07 13.22 0.47 2.16 4.38 2.07
Poly Bond 47.69 302.82 0.80 13.05 0.44 4.49 5.40 1.54
Dustac 81.23 372.55 33.49 36.85 1.51 9.52 6.20 0.77
Soil Sement 43.93 285.31 0.87 10.60 1.08 4.18 4.64 0.78
Plas Bond 72.93 23.60 0.55 21.69 1.01 2.24 7.77 0.64
EK35 100.78 331.54 2.89 92.02 0.89 8.20 4.56 1.48
Enviro-tac 78.40 94.56 0.94 42.80 0.47 5.01 3.52 1.15
Topein 75.10 91.26 0.61 9.24 0.53 5.80 3.05 0.98
Road Pro 146.20 317.81 1.40 32.92 9.21 5.89 4.34 0.74
Road Oyl 34.41 2970.74 0.79 61.51 0.79 5.28 9.09 0.60
Coherex 56.21 1307.65 3.64 313.99 18.89 19.27 10.06 1.79
Supressant name Se
(ppb)
Ag
(ppb)
Cd
(ppb)
Ba
(ppb)
T1
(ppb)
Pb
(ppb)
Fe
(ppm)
Hg
(PPt)
Dust Gard 0.34 0.04 0.03 38.12 0.23 1.76 0.20 7.00
Control Plot 0.13 0.01 0.03 20.25 0.11 1.09 0.40 23.00
Poly Bond 0.26 0.02 0.03 26.04 0.15 0.54 0.15 8.20
Dustac 0.84 0.13 0.02 48.85 0.10 1.18 0.30 12.60
Soil Sement 0.34 0.06 0.02 20.25 0.13 3.62 0.20 34.30
Plas Bond 0.61 0.01 0.01 35.22 0.16 0.43 0.00 10.40
EK35 0.85 0.04 0.03 51.55 0.04 0.29 0.30 6.80
Enviro-tac 0.70 0.01 0.14 67.28 0.17 0.80 0.10 17.00
Topein 0.93 0.02 0.01 26.84 0.18 6.09 0.05 22.80
Road Pro 0.39 0.02 0.07 40.85 0.00 0.88 0.25 -
Road Oyl 0.28 0.01 0.24 30.95 0.10 1.33 0.70 64.50
Coherex 2.17 0.02 0.16 96.81 0.23 1.61 0.65 4.00
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Suppressant name
Nitrate
(mg/1)
Sulfate
(mg/1)
Phosphate
(Pg/1)
Cyanide
(fig/1)
Ammonia-N
(mg/1)
Sulfide
(mg/1)
Dust Gard 0.20 38.50 22.86 0.0 0.1 0.0
Control Plot 0.75 16.50 82.86 0.0 0.3 0.0
Poly-Bond 2.00 19.00 38.57 0.0 0.2 0.0
Dustac 0.50 0.00 50.00 1.5 0.1 0.0
Soil Sement 2.40 13.50 70.00 2.5 0.1 0.0
Plas-Bond 1.55 1000 2.86 0.0 0.0 0.0
EK35 13.00 14.00 2.86 1.0 0.0 0.0
Enviro-tac 0.40 13.50 34.29 0.0 0.2 0.1
Topein 16.20 17.00 8.57 0.0 0.0 0.0
Road Pro 14.00 10.00 27.14 0.0 0.1 0.0
Road Oyl 1.20 0.00 57.14 2.5 0.5 0.0
Coherex 1.30 25.00 70.00 0.0 1.0 0.0
Suppressant name
TDS
(mg/1)
COD
(mg/1)
TOC
(mg/1)
Chloride
(mg/1)
Salinity
(PPO
pH
(units)
Dust Gard 535.00 15.00 9.50 221.60 0.30 8.55
Control Plot 117.50 18.70 8.37 2.41 0.10 9.28
Poly-Bond 130.00 28.85 16.85 4.81 0.10 7.98
Dustac 177.50 68.80 30.69 2.17 0.10 8.05
Soil Sement 142.50 18.70 15.91 10.23 0.10 8.87
Plas-Bond 2345.00 22.20 13.17 8.70 1.20 7.64
EK35 355.00 140.90 37.06 64.10 0.20 8.34
Enviro-tac 190.00 153.00 7.91 3.27 0.10 8.25
Topein 625.00 63.80 19.81 164.30 0.40 7.36
Road Pro 275.00 32.10 13.66 63.55 0.20 8.29
Road Oyl 220.00 78.55 35.77 4.35 0.10 8.30
Coherex 130.00 39.85 15.17 5.47 0.10 8.10
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Suppressant name
Hardness 
(mg/1 as CaC03)
Alkalinity 
(mg/1 as CaC03)
Conductivity
(fiS)
Dust Gard 320 52 662.00
Control Plot 40 44 110.50
Poly-Bond 50 40 137.55
Dustac 60 40 103.35
Soil Sement 40 42 146.70
Plas-Bond 1600 44 2216.00
EK35 140 98 391.85
Enviro-tac 60 106 105.45
Topein 220 44 692.00
Road Pro 140 56 344.50
Road Oyl 60 28 126.75
Coherex 60 40 141.95
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
148
Supressant name B
(ppb)
A1
(ppb)
Cr
(ppb)
Mn
(ppb)
Ni
(ppb)
Cu
(ppb)
Zn
(ppb)
As
(ppb)
Dust Gard 904.344 11.22 0.249 0.907 1.635 3.809 3.659 2.079
Control Plot 106.894 1533.11 0.430 13.088 0.532 4.577 7.799 3.181
Poly Bond 83.898 482.49 0.254 5.380 1.066 3.782 6.413 2.233
Dustac 77.826 1157.23 0.419 23.847 1.144 7.775 14.345 2.06
Soil Sement 85.330 731.17 0.328 8.252 0.969 4.699 7.663 2.15
Plas Bond 167.399 10.83 0.743 26.469 16.977 2.803 17.3 0.759
EK35 142.421 24.73 0.477 12.684 0.966 2.742 20.536 1.659
Enviro-tac 72.804 972.89 0.550 16.281 1.204 5.369 14.146 2.257
Topein 77.117 19.33 0.335 17.991 1.966 7.759 9.703 1.879
Road Pro 136.144 103.11 0.472 5.898 1.343 4.946 12.319 1.7
Road Oyl 71.659 341.17 0.570 10.794 1.096 5.647 15.171 1.849
Coherex 50.397 417.77 0.449 7.892 1.196 4.515 14.922 2.434
Supressant name Se
(ppb)
Ag
(ppb)
Cd
(ppb)
Ba
(ppb)
T1
(ppb)
Pb
(ppb)
Fe
(ppm)
Hg
(PPt)
Dust Gard 2.584 0.017 6.E-04 105.20 9.E-04 0.12 0 8.60
Control Plot 0.037 0.029 0.013 88.75 8.E-05 0.37 0.4 20.00
Poly Bond 0.028 6.E-06 0.013 51.78 3.E-04 0.25 0 16.40
Dustac 0.252 5.E-04 0.014 50.56 0 0.43 0.4 25.60
Soil Sement 0.219 4.E-04 7.E-04 105.58 4.E-04 0.33 0.1 44.60
Plas Bond 0.741 0.016 0.011 98.65 2.E-04 0.26 0 22.70
EK35 1.546 0.010 8.E-04 140.05 8.E-04 0.17 0 53.10
Enviro-tac 0.517 0.020 0.022 134.48 2.E-04 0.53 0.1 57.70
Topein 3.989 0.019 0.018 115.31 0.012 0.17 0 13.60
Road Pro 1.206 0.083 0.008 91.47 0.015 0.67 0 16.80
Road Oyl 0.482 0.057 0.026 53.94 0.018 0.45 0 24.20
Coherex 0.310 3.E-05 0.010 60.97 2.E-04 0.42 0 16.80
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